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more efficient 
in operation, 


easier to maintain. <\ 


LIFTS UP FOR DIFFUSER 
MAINTENANCE 


Individual Swing Diffusers can be 
lifted out of tank without interrupting 
operation, eliminating stand-by aera- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleaned to new 
condition to achieve maximum diffu- 
sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants—both in- 
dustrial and municipal—the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 
efficiency. 


Now used in 
more than 


300 Plants! 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 
Wide Band Diffusion provided by Chicago Swing Dif- 


fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example, 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plate 
system. After changing to Swing Diffusers, aeration ca- 
pacity was doubled without increasing the amount of 
air used or the volume of the aeration tanks, In both 
old and new plants, Swing Diffusers assure maximum 
oxygenation. 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 
control. 


Complete Operating Histories and Descriptive Bulletin 
A 
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CHICAGO PUMP COMPANY 


Subsidiary of Food Machinery and Chemical Corporution 
SEWAGE EQUIPMENT DIVISION 


DIVERSEY PARKWAY © CHICAGO 4, UNO 
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IN CHLORINE GAS FEEDERS... 


LOOK FOR HOW 


Here's proof of good chlorine feeder design! The 
gos flow path shown in this Builders-Providence flow- 
gram is the shortest offered by any manufacturer of 
chlorination equipment . . . and we invite compari- 
son! Good design means maximum dependability 
(to the consulting engineer) . . . ease of installation 
(to the contractor) . . . and easy operation, low up- 
keep, and low operating cost (to the operator). 

Our design offers all these and more. For added 
safety . . . there ore no springs or piloted parts in 
contact with chlorine, no packed valve stems to leak 
and destroy feeding accuracy . . . and the simplicity 
of the entire system means better operation with 
less maintenance. 

These superior features did not just happen — 
but are drawn from the vast reservoir of B-I-F appli- 
cation knowledge and experience gained as the major 

manufacturer of flow metering, 


SEWAGE, ond WASTE TREATMENT PLANTS. Many con- 
sulting engineers have profited by the valuable 
assistance received from B-I-F specialists. Our policy 
of continuing research and development has pro- 
duced the most comprehensive, service-proven line 
available . . . and thousands of superior performance 
records reflect our broad design 
and manufacturing experience. 

If you have a chlorine gas feeding 
problem, our engineers will gladly 
help you solve it. A call to GAspee 
1-4302 in Providence . . . or to 
one of our local offices . . . will 
put us at your service. B-I-F Sales 
and Service Offices are located 
across the country for your con- 
venience. Act today! Builders-Provi- 
dence, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island. 


I-F 


PROVIDENCE, RHODE 
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See Builders Chlorinizer at Booths 49 and 50—FSIWA Convention 
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NEW SIMPLEX MODULAIR HAS ONLY ONE 
MOVING PART...CONTROLS FLOW PRECISELY! 


Modulair® Controller regulates plant discharges, 
controls elutriation... responds fast... closes tight! 


Here’s proof that the new Simplex 
Modulair Controller responds instantly 
to changes in operating head . . . auto- 
matically holds flow at desired rate. 
Chart from Modulair installation shows 
head increasing 75% while flow forms al- 
most perfect circle. 


How Modulair works! Pipe-like casting 
with annular Venturi throat houses 
streamlined inner body with corded-rub- 
ber modulator (black) that expands and 
contracts pneumatically to control flow. 
When operating head rises, modulator 
expands automatically to restrict flow to 
set rate. 


CONTROLLED AIR 


When operating head falls, flow tends 
to decrease—changing the Venturi differ- 
ential. Sensitive Modulair compensates 
immediately. Modulator contracts—auto- 
matically keeps flow at rate desired. 


oft 

easily installed Modulair is only 2 3 pipe 
diameters long! Fits wherever a piece of va can fi 
any ition, horizontal or vertical—simplifying 
out. Modulair comes in 4” to 24” cast iron pipe sizes with 
corrosion-resisting fittings. Corded-rubber throttling ele- 


ment that’s as tough as a truck tire has given 30 years’ wear 
in accelerated life-tests. 


Accuracy! In 4 years of field performance, Modulair shows an accu- 
racy in control that exceeds today’s most exacting demands, It brings 
— sensitive, accurate flow control under wide ranges of operati 
aon. And is tight-closing — eliminating need for separate shut- 
valves. 
Minimize maintenance! With Modulair’s single tap design, there’s 
no place for air to accumulate . . . no place for sediment or sludge to 
lodge and interfere with accuracy. The only moving part inside pipe- 
line is non-corrosive rubber throttling element. Pneumatic poise ele- 
ment is simple, ene. There are no line valves, no pilot valves, no 
pistons, no valve shafts, no stuffing boxes to pack! 


Lower first cost. Modulair’s low head loss means lower operating- 


head requirements . . . permits vertical compression in plant design 
and lower costs in plant construction. 


Completely pneumatic! No intermediate hydraulic steps! No pilot 
valves! No hydraulic cylinders! Air loading pressure is applied di- 
rectly to the flow controlling element. 


Automatic operation! Modulair works with control systems of any 

type, to give you remote rate control or master pneumatic control 
that’s fully automatic. 

Technical bulletin! Write for Bulletin 950. Simplex Valve & Meter 

Company, Dept. SI-9, 7 East Orange Street, Lancaster, Pa. 


Accurate instruments and controls for over 50 years 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Iowa Sewage and Industrial Wastes 
Assen. 


Kentucky-Tennessee Industrial Wastes 


and Sewage Works Assn. 


Georgia Water and Sewage Assn. 


South Dakota Water and 
Sewage Works Conference 


Oklahoma Water, Sewage and 
Industrial Wastes Conference 


Missouri Water and Sewerage 
Conference 


Abwassertechnische 
Vereinigung 


North Dakota Water and 
Sewage Works Conference 


Pacific Northwest Sewage and 
Industrial Wastes Assn. 


Place 


P. M. Park 
Clear Lake, Iowa 


Hotel Patten 
Chattanooga, Tenn. 


Hightower Textile 
Bldg. 

Georgia Inst. of Tech 
nology, Atlanta, Ga. 


Sherman Hotel 

Aberdeen, 8. D. 

Oklahoma A & M Col 
lege 

Student Union Bldg. 

Stillwater, Okla. 


Hotel Governor 
Jefferson City, Mo. 


Dusseldorf, Germany 


Lewis and Clark Hotel 
Mandan, N. D. 


Boise, Idaho 


. 19-21, 1956 


. 26-27, 1956 


Sept. 30-Oct. 2, 


1956 


Oct. 3-5, 1956 


Oct. 3-5, 1956 


Oct. 4-6, 1956 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

California Sewage and Industrial Wastes Association 
Statler Hotel, Los Angeles, California 


October 8-11, 1956 


Canadian Institute on 
Sewage and Sanitation 


West Virginia Sewage and Industrial 
Wastes Assn. 


Nebraska Sewage and Industrial 
Wastes Assn. 


New England Sewage and Industrial 
Wastes Assn. 


Florida Sewage and Industrial Wastes 
Assn. 


North Carolina Sewage and Industrial 
Waste Assn. 


Prince Edward Hotel 
Windsor, Ontario 


West Virginian Hote 
Bluefield, W. Va. 


Castle Hotel 
Omaha, Neb. 


Hotel Weldon 
Greenfield, Mass. 


Daytona Plaza Hotel 
Daytona Beach, Fla. 


Charlotte Hotel 
Charlotte, N. C. 


Oct. 29-31, 1956 

Oct. 31-Nov. 2, 
1956 

Nov. 1-2, 1956 

Nov. 8, 1956 


Noy. 11-14, 1956 


Nov. 12-14, 1956 
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SEWAGE TREATMENT 


100%.. ..Faster 
50%.. ..Less Space 
90-95%.. ..B.0.D. Removal 


INFILCO’s improved activated-sludge equipment for 
high-rate sewage treatment is the answer to problems 
of maximum volume from minimum space—highest 
efficiency at lowest cost. 

Complete treatment requires only five to six hours as 
compared to 10 to 12 hours in conventional plants. 


Area required is scarcely half as much. Expenses for sludge plant for treat- 
property, construction, and operation are substantially mont eagacamae 
reduced. And all this without sacrifice in efficiency. vile, y 
Here are typical operating figures from the installation Consulting Engineers: WOOD & CRAIG 
in Collinsville, Okla.— Tulsa, Okia. 
EFFICIENCY 
8.0.0. Suspended Solids 
Date Ave. 


Flew Raw —_ Final % Raw _Final % 
MGD «Sewage Efficent Removal Sewage Effluent Removal 
063 267 21 92.7 335 2 
These figures indicate what can be accomplished in 
treatment of sewage for institutions or small communities. 
If you have such a problem, consult InFitco, because 


INFILCO KNOWS HOW to help you solve it. 


Over 60 years of experience and the most complete 
and advanced line of equipment are available to you. 
Write today for full information on the interesting 
Collinsville installation and Bulletin No. 6550.—SI-26. 


Inquiries are also invited on all other water and waste FLOW DIAGRAM: DESIGN AVERAGE FLOW 0.21 M.G.D. 
treating problems including coagulation, precipitation, oak 
sedimentation, filtration, flotation, aeration, ion 
exchange and biological processes. =a on 
INFILCO INC. 48 COLAFLEX® diffusers in mixer-stabilizer 
General Offices 
Tucson, Arizona 
The ONE company offering 
equipment for ALL types of 


water and waste treatment. 


FIELD OFFICES THROUGHOUT 
YHE UNITED STATES AND 
TORTION COUNTRIES 


Xj 
BIOSORPTION® activated. 
COLAFLEX® 
diffusers 
= & 4 


SEW AGE 


AND INDUSTRIAL WASTES 


History is written on water 


Great civilizations of the past 
— Egypt, Persia, Babylonia — 
waned when their water sources 
dwindled. 

It could happen to us... if 
we let it. 

Today, for example, America’s 
thirst for water is beginning to 
outrun its supply. Industry and 
homes use more and more water 
. billions of gallons daily. 

Yet average annual rainfall 


does not increase. And erosion 
of moisture-holding soil con- 
tinues. What can you do? 
Several things: encourage 
your water officials to plan in 
advance for necessary water 
facilities. Support realistic 
water rates and bond issues de- 
signed to increase your supply. 
And conserve where you can. 
The hour is late... but not 
past if you will do your part. 


SERVES 
THE CENTURIES 


America’s population, productive eo 
pacity ond notional prosperity keep 
growing 

In more then 64 American cities 
this upword economic trend is en- 
couroged by an adequote water sup- 
ply ond the cast iron woter mains 
thot have carried it so efficiently for 
@ century or more. 

Cost iron's longevity and reliabil- 
ity mean continuing, economical ser- 
vice...tax dollors saved thot con be 
used to improve service still further 


Rely on Cast Iron Pipe to 
carry America’s Water 


Socremento, Col 
iron water main over 100 yeors ago. 
tt is still doing the job. Yet today's 
cast iron pipe, modernized ond cen- 
trifugolly cost, is even stronger, more 
durable 


installed this cast 


Longer Lasting Gas Mains 


Gas Compony laid this 
cast iron gos main more thon 100 
years ogo. It's still serving 


Providence 


For more thon o century mony 
Americon utilities have used cast irow 
gos moins, They hove poid for them. 
selves mony times over Cast Iron Pipe 
Research Association, Thos. F. Wolfe, 
Managing Director, 122 So. Michigon 
Avenue Chicoao 3 


mooennizeo @ St ron 
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SEWAGE AND INDUSTRIAL WASTES 


YES... History is written on water 


WE'RE HELPING ALERT 
AMERICA TO THAT FACT 


We know what an effective job you are doing — satisfying your 
community's ever-increasing need for water. 


We know too that the active support of a thoroughly alerted 
public is vital to the success of your work. 


To help enlist that support, Cast Iron Pipe Research Association 
is running a series of national advertisements* — one of which 
appears opposite. 

By alerting millions of Americans to the danger of our growing 
scarcity of water, such ads make your job of supplying it easier. 


Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing 
Director, 122 So. Michigan Ave., Chicago 3. 


® 


The Q-Check stencilied on pipe is the Registered 
Service Mork of the Cast Iron Pipe Research Association. 


*Page ads in 4 national ne klies and b 
publications with 9 million combined readership. 


FOR MODERN WATER WORKS 


‘ 

> 
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SEWAGE AND INDUSTRIAL WASTES 


THE REX VERTI-FLO 
works like magic in cutting 


The amazing ability of Rex Verti- 
Flo Clarifiers to reduce costs... 
clearer effluent.. 


assure 


-increase over-all 


These Verti-Flo users are getting increased 


efficiency. . 
Fairmont, Minn. 


U. S. Penitentiary, 
McNeil Island, Wash. 


Ashland, Oregon 
Roseburg, Oregon 
Kansas State 
Penitentiary, 
Lansing, Kansas 
Corvallis, Oregon 
Florence, Oregon 
Valencia, Venezuela 
Pentagon Building 
Arlington, Virginia 
Johns-Manville Corp. 
Finderne, New Jersey 


Combined Locks 
Paper Co. 
Combined Locks, Wis. 


Kohler Company 
Kohler, Wisconsin 


-lower costs. . 


. clearer effivent 
Sweet Home, Oregon 
Fort Wayne, Indiana 
Belleview, Wash. 
Washington 

Water Power Co. 
Clarkston, Wash. 
Somerset, Penn. 
Federal Reformatory 


for Women 
Alderson, W. Va. 


Kirkland, Washington 
Maynard Electric Steel 


Casting Company 
Milwaukee, Wisconsin 
The Ruberoid Co. 
Bound Brook, N. J. 
Wisconsin 

Car Wash Co. 
Milwaukee, Wisconsin 


CHAIN! 


Milwaukee 1, Wis. 


COMPANY 


plant efficiency... 
Actually the Verti-Flo design divides 
a horizontal-flow settling tank into 
a series of smaller, vertical-flow cells. 


is almost magical. 


What does this unique design mean? 
It means more tank capacity—up 
to four times more than conven- 
tional settling tanks. In existing 
tanks, Verti-Flo will at least double 
your present capacity. In new con- 
struction, Verti-Flo® saves on both 
construction and equipment costs 
since you can plan for smaller tanks. 
Detention times are from one-fourth 
to one-half those required in conven- 
tional tanks and yet you get an efflu- 
ent of maximum clarity. 


Whether you specify equipment or 
operate a plant, you should know 
the facts about Rex Verti-Flo. Why 
not have the advantages of Rex® 
Verti-Floin your plant? For complete 
details, mail the coupon today for 
your copy of Bulletin 52-77. You'll 
be happy you did. 


/ CHAIN Belt Company 
4606 W. Greenfield Ave. 
Milwaukee 1, Wis. 


/ Send me my copy of safoometive 
/ Verti-Flo Bulletin No. 52-7 


L 
high settling costs 
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SEWAGE AND INDUSTRIAL WASTES 


Huge solar engines imprisoning the heot of the sun may create islonds of fertility 
in icy wastelands, thus vostly increasing the productive food orecs of the eorth. 


100 years from now... 


WE MAY GROW ORANGES AT THE POLES! 


What will the world be like generations from now? 
Wonderful new products and methods will make living easier, 
pleasanter, safer. But in this marvelous new era, one old friend 
will still serve efficiently. Water and gas will be carried by 
rugged cast iron pipe laid today. For more than seventy 
American water and gas utilities, cast iron mains over a century 
old are still serving dependably. And modern cast iron pipe 
...centrifugally cast and quality controlled...is far tougher 
and more durable. 

U.S. Pipe is proud to be one of the leaders in a forward-looking 
industry whose service to the world is measured in centuries. 


U. S&S. PIPE AND FOUNDRY COMPANY, G Otfice: Bi 9 2. 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE. 
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SEWAGE AND INDUSTRIAL WASTES 


First Choice Coagulant of 
Most American Municipalities 


For Water Treatment 


Produces crystal-clear water 

Gives better floc formation 

Promotes better settling and longer filter runs 

Aids in reduction of tastes and odors 

Has no chlorine demand 

Is a low-cost coagulant 

Superior in tests against other coagulants 

High in quality. Its constant uniformity can be depended 
upon 


for Sewage Treatment 


Clean, easy to handle 

Dry feeds well or dissolves readily for solution feeding; 
liquid alum also available in many areas 

Clear, colorless effluents are possible 

Simple application. Requires only low-cost feeding ap- 
poratus and minimum attention 

Sludge digests readily 

Treated digested sludge dries quickly with a minimum of 
odor 


Chlorine consumption is cut due to lower demand of clari- 
fied sewage 
Economical to use 


treated with 
GENERAL 
CHEMICAL 


“ALUM 


PRODUCED NEAR YOU! General Chem- 
ical’s network of 25 Aluminum Sulfate 
plants assures prompt shipment any- 
where, anytime. Here is a source to rely 


on... in day-to-day operations and in 
emergencies! From every standpoint, 
General Chemical Alum is 


the wise choice in coagu- 
lants. Make it yours! 


Basic Chemicals 


for American Industry 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany + Atlanta + Baltimore + Birmingham + Boston +- Bridgeport + Buffalo 
Charlotte + Chicago + Cleveland « Denver + Detroit + Greenville (Miss.) + Houston 


Jacksonville + Kalamaz + Los Angeles + Milwaukee « Minneapolis + New York 
Philadelphia Pittsburgh Providence San Francisco.+ Seattle- St. Louis. Yakima (Wash.) 


in Canada: The Nichols Chemical Company, Limited « Montreal - Toronto + Vancouver 
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Are your hard-to-get at valves 


Easy Operate? 


Rockwell-Nordstrom valves can be installed 
away up in the air or buried under the 
ground with complete assurance of operating 
ease and dependable closure. Two distinct 
features make such versatility in applica- 
tion possible. First: their quarter-turn opera- 
tion allows simpler, more compact operating 
mechanisms. Second: pressurized lubricant 
“cushions” the tapered plug for instant, 
smooth rotation and ever-ready response. 

Standard Rockwell accessories include 
double end wrenches and chain wheels, high 


head extensions, floor stands, water tight 
gear housings (expensive vaults aren’t neces- 
sary with Rockwell-Nordstrom valves) and 
electric or cylinder operators. 

No matter what your sewage or wastes 
plant requirements, there is a Rockwell- 
Nordstrom valve and operating accessory 
that will do the job better and at lower cost 
than any other combination you’ve ever 
used. Rockwell Manufacturing Company, 
Pittsburgh 8, Pa. 

Canadian Valve Licensee: Peacock Brothers Limited. 


SEND COUPON FOR MORE DETAILS 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 
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ROCKWELL- 
Nordstrom 
VALVES 


Lubricant Sealed for Positive Shut-Off 
40th YEAR of lubricated plug valve leadership 


Title _ 
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SEWAGE AND INDUSTRIAL WASTES 


The time has come. 


to speak of 


many things ABOUT CHLORINATORS 


You needn’t be confused, Alice... you 
are in a modern chlorinator wonderland. 
Although two chlorinators may look the 
same, one is but a looking-glass reflection 
of the real one. The F&P Chlorinator, 
Alice, is the real one, so superior in 
engineering design and construction, ac- 
cepted and proven in thousands of instal- 
lations that others must try to imitate it. 

There are many things, Alice, that are 
found only in the F&P Chlorinator. For 
instance, the F&P Chlorinator is the only 
chlorinator with a single stack controller, 
the result of a constant program of im- 
provement. Materials that appeared sound 
4 years ago have been discarded by F&P 
and replaced with better materials. Imita- 
tions do not benefit from this experience. 
Only F&P has the experience to supply 


you with a proven, instrument type, com- 
pletely corrosion-resistant chlorinator. 
Don’t buy an untried Chlorinator. 

Other things, too, Alice . . . things called 
intangibles, can’t be copied. Such things 
as dependability, simplicity and experi- 
ence. So you see—things can “‘look alike” 
and not be at all. 

If you’re confused about chlorinators 
there’s one sure way to sweep away all 
confusion. Ask for a free trial of the F&P 
Chlorinator. Put it to any test you can 
devise, try it until you’re convinced the 
F&P Chlorinator is far and away better 
than any other chlorinator ever devised, 
works better, costs less at the outset and 
less to maintain. You can’t beat it. Write 
today for complete information and ab- 
solute money back guarantee. 


Fp FISCHER & PORTER 


Fischer Road, Hatboro, Pa. 


LA1119B 
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SEWAGE AND INDUSTRIAL WASTES 


This Booklet shows... 


Design 
Savings 


4. Maintenance 
Savings 


... how Transite Sewer Pipe 
saves in 4 important ways 


Selecting the right pipe material for a 
new sewage system—or for additions 
to an existing one—is a problem of 
major importance to a// concerned in 
influencing a choice. And it can be 
solved to the complete satisfaction of 
both installer and user with economies 
in each of these stages—(1) system 
design (2) installation (3) operation 
and (4) maintenance. 

Engineers thinking in long-range 
terms of thoroughly proved sewer 
main performance . .. contractors in- 


terested in serving community needs 
at new lows in installed cost—both 
should know Transite® asbestos- 
cement Pipe and Ring-Tite® Cou- 
pling. Here is a new booklet that tells 
how Transite Pipe reduces infiltra- 
tion, keeps out roots; maintains high 
flow capacity; speeds installation; 
permits designing the system for sav- 
ings. Write for Booklet TR-165A, 
Johns-Manville, Box 14, New York 
16, N. Y.; In Canada, Port 5 

Credit, Ont. 


Johns-Manville TRANSITE SEWER PIPE 


WITH THE RING-TITE COUPLING 
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MDC Quincy (sewage): Twin 20” F-M ‘‘Angle- 
flow’’ pumps are driven by F-M diesels in this 
station recently converted from steam power. 


..-. MDC keeps pumping. MDC is the Metropol- 
itan District Commission, an organization which 
exists to provide coordinated municipal services, 
parkways and recreational facilities for Boston 
and many of the cities and towns which are in- 
tegrated in the metropolitan area. 


Many of MDC’s water and sewage pumping 
stations are completely self-sufficient. Others, 
dependent for normal service on utility electric 
power, have stand-by power of their own—just 
in case the lights go out. 


Fairbanks-Morse has supplied the driving 
as well as the driven member in many MDC in- 
stallations. F-M diesels drive F-M pumps in 
continuous service. Other F-M pumps are driven 
by F-M motors. Still others, diesel powered, are 
standing by for the possible emergency. 


ing, Fairbanks-Morse has the pump... and thé@ 
driver . . . and the engineering to solve it. 
Fairbanks, Morse & Co., Chicago 5, Illingii, 


Whatever your problem in municipal pump#® 


) FAIRBANKS-MORSE 


a name worth remempering when you want the BEST 


MDC @3iamestown (sewage): Two F-M diesels 
drive 
drive k 


{ vertical pumps. The engines also 
F-M generators. 


a 


PUMPS « SCALES « DIESEL LOCOMOTIV 
* RAIL CARS *« HOME WATER SERVICE 


AND ENGINES » ELECTRICAL MACHINER? 


When the lights go out 
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MDC. Waltham (water: pumps and 
F-M motors fill routine d ump, 
powered by an F-M diesel, stands by vie 


Be owayed: In this two-pump (F-M) MDC Arlington (water supply): Ina station recently 
tation»an diesel can take over in the event of converted from steam power, Fairbanks- Morse cen- 
Owe fvre to the 100 hp. F-M electric motor. trifugal pumps are driven by F-M diesels. 


ADC Alewife Brook (sewage): 

Man this new all-electric pumping 
Betation, two 36” and one 16° F-M 
= Anglefiow’’ pumps are motor driven 
the floor above. 


MDC Spot Pond (water supply): A 20” F-M cen- 
trifugal (illustrated) and a 36” F-M turbine, driven 
by F-M diesels, are taking over from steam. 
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Pittsburgh selects 


for sewage 


Pittsburgh’s projected one-hundred-million-dollar sew- 
age treatment system will serve a total of seventy 
communities having an equivalent population of 
1,500,000. More than sixty-three miles of new sewers 
will be laid to feed raw sewage to the hub of the 
system—the seventeen-million-dollar treatment plant 
to be located at Woods Run in the City of Pittsburgh. 

Four C-E Raymond Flash Drying and Incineration 


ms 


Two C-E spreader stoker-fired boi! 
ers, Type VU-10, will provide the 
steam used to heat sludge in the 
concentration tanks, and to heat 
the plant. 


Units will comprise the sludge disposal system at 
this plant. Each unit will be capable of handling over 
300 tons of concentrated sludge per day. The sludge 
will have a moisture content of 82% and each C-E 


The Pittsburgh Disposal Plant 
J. F. Laboon, Executive Director and Chief Engineer 
Metcalf and Eddy, Consulting Engineers 


Incoming sewage will be pumped to the screens 
and aerated grit chambers and thence flow to the 
preaeration and settling tanks at far right. The 
solids will be pumped to the sludge concentration 
tanks (left foreground) where they will remain for 
five days. From there the sludge will be pumped 
to the incinerator building (left background) where 
it will be dried and burned, The incinerator build- 
ing will also contain the two C-E boilers. 


Nee, 

ial 
| 
ce | 


SEWAGE AND INDUSTRIAL WASTES 


C-E Raymond 


35la 


sludge incineration 


Flash Drying and Incineration Unit will 
be capable of burning more than 55 tons 
of dry solids per day while evaporat- 
ing more than 250 tons of water. Each 
C-E Raymond Unit will be equipped 
with a Deodorizing System which will 
free the moisture-laden combustion 
gases of objectionable odors. In addi- 
tion, each of the four incineration sys- 
tems will incorporate equipment for 
the control of fly ash. 

Throughout the country, the C-E 


Raymond Flash Drying and Incinera- 
tion System is achieving an ever-wider 
measure of popularity. In fact, more 
filter cake is dried and/or burned by 
the C-E Raymond System than by all 
other systems combined. 

If you are considering new sewage 
treatment facilities, investigate the 
modern method of sludge disposal. C-E 
Raymond specialists will be happy to 
work with you and with your con- 
sultants. No obligation, of course. 


witee BRY SLUDGE 
& VAPOR 


INCINERATOR DEODORIZER 


FURNACE 


the products of the system. 


This simplified flow chart illustrates how 
incoming wet sludge (upper left) is dried and 
burned. Odor-free gas and sterile ash are 
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COMBUSTION ENGINEERING 


RAYMOND 


1315 North Branch Street, Chicano 22, Illinois 


DIVISION 


B-934A 


Eastern Office: 200 Madison Ave., New York 16, N.Y. + Western Office: 510 W. Sixth St., Los Angeles 14, Calif. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Jerry Donohue Engineering Company 
specifies 


PAINTS 


MEMO 


From: Inc. 


\nertol Co-, 

hagen, Supt, 

tment Plant, 
Wisconsin 


To: 

c. W. Boge" 
Sewage Tree 
Fond du Lac, 


The pump room at Fond du Lac 
Ramuec Utility, a long-lasting tile-like enamel 
beautifies the walls, ceilings and stairs. 


Glamortex, an alkyd resin enamel, gives a 
durable, mar-resistant finish to railings, piping 
and machinery. 


@ This beautiful, modern sewage plant at 
Fond du Lac, Wisconsin, is just one of 
many where Inertol paints are specified 
by Bruno Hartman of Jerry Donohue 
Engineering Company, Sheboygan, Wis- 
consin. He has found, as you will too, 
that Inertol specialized coatings meet ex- 
actly the requirements of hardness, 
elasticity, chemical inertness and beauty. 
Each product in the line has been devel- 

a 


482 Frelinghuysen Avenue 
Newark 12, New Jersey 


oped especially for sewage plant usage. 
The superiority and quality has been 
proved in hundreds of installations 
throughout the country. 

Our Field Technicians will be pleased 
to discuss the Inertol line fully with you 
at your office. Or write today for the 
“Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents, 


INERTOL CO., INC. 


27H South Park 
San Francisco 7, California 
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FOR EXCEPTIONAL STRENGTH 


LOCK JOINT 
ROLLER SUSPENSION PIPE 


in this fast-gr ing residential are 


The unique manufacturing process by which Lock Joint Roller 
Suspension reinforced concrete sewer and culvert pipe is produced 
permits the use of a low water-cement ratio and a high proportion 
of stone in the mix. The concrete obtained by this system is unusually 
strong and resistant to abrasion. 


Roller Suspension Pipe of equal wall thickness and steel area to 
cast or machine made concrete pipe consequently offers a con- 
siderable premium in strength and durability. 
For projects requiring exceptionally rugged 
sewer or culvert pipe, specify Lock Joint’s ultra- 
modern ROLLER SUSPENSION PIPE. 


LOCK PIPE CO. 


East Orange, N. J. 


Sewer and Culvert Pipe Plants: 
Kenilworth, New Jersey Valley Park, Missouri 
Hartford, Connecticut N. Kansas City, Missouri Casper, Wyoming 
New Haven, Connecticut Tulsa, Okichoma Tucumcari, New Mexico 
Beloit, Wisconsin Oklahoma City, Oklahoma Hato Rey, Puerto Rico 
Chicago, Illinois Wichita, Kansas Ponce, Puerto Rico 
Rock Island, Illinois Denver, Colorado Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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In the 


of Condition 


We've done one thing for you. Chapman's Motor Units . . . for operation 
of valves, floorstands and sluice gates ... are in the best of condition for 
accurate performance and longer, lower cost life. 

We've made them as you like them . . . simplified them . . . streamlined 
them ... taken off all the fat. In fact, when you look at a Chapman Motor 
Unit today, you can only find approximately 4alf as many parts as on any 
other unit. 

This simplicity, combined with Chapman's traditional ruggedness, 
means less trouble and lower maintenance over a longer period of smooth, 
accurate performance. 

How can you go wrong? With Chapman Motor Units, the simplified de- 
sign... the sturdy construction . .. mean no drift; less slash; accurate mi- 
crometer-controlled limit switch for predetermined seat tightness; quiet 
motor driven operation at all times. All at the lowest overall cost. 

No trouble with operating positions. Operation is assured at any angle. 
Rugged stub-tooth gears need no grease or oil. No trouble with operating 
conditions. All units are weatherproof .. . steam tight. No trouble even with 
installations. When used with floorstands they are completely wired at the 
factory ... ready to connect with your leads. Easy and simple to install. 

Get our new catalog ... Catalog 51... om Chapman motor units today. 


“The Chapman Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 


354a 
: 
(Sean 
CHAPMAN MOTOR UNITS 4 
3 


SEWAGE AND INDUSTRIAL WASTES 


OR CORROSIVE 
ERVICEIN 
EW AUTOMATIC 
TRANSMISSION 


CHRYSLER CORPORATION solved the cor- 


rosive waste handling problem with Vitrified 
Clay Pipe at its new Automatic Transmission 
Plant in Kokomo, Ind. A complete sewerage 
network of Clay Pipe in sizes ranging from 
10 to 27 inches has been installed to serve 
this new 800,000 sq. ft. factory, which has 
its own private waste treatment facilities. 


In this installation, as in thousands of others 
over the country, modern industry depends 
upon Clay Pipe for never-wear-out perform- 
ance on corrosive service. None of the corro- 
sive chemicals commonly found in industrial 
sewage can affect Vitrified Clay Pipe. For cor- 
rosive service, it pays to specify Vitrified 
Clay Pipe—backed by a 50-year guarantee. 


CLAY PIPE MANUFACTURERS, INC. 
1820 N. Street, N.W., Washington 6, D. C. : 


206 Connally Bldg., Atlanta 3, Georgia 

100 N. LaSalle St., Rm. 2100, Chicago 2, IL 

703 Ninth & Hill Bidg., Los Angeles 15, Calif. 

311 High Long Bldg., 5 E. Long St., Columbus 15, O. 


Progkess: in Public Health - Through clay Pine Research 


>. 
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E. McKinney, Resident Construction Engineer 

M.D. Towsley Cou; D. Bixler. Projeci Engineer 

ro A. Bs Moniey, Superimpendent 

e 
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You get full volume, unrestricted flow throughout the 
entire piping system when you use QCf Round Port 
Valves. 


The pipe-matching port openings cause no loss in head 
pressure — offer no more resistance to flow than the 
pipe itself. There are no obstructions — no turbulence 
and no harmful abrasive effects from solids in suspen- 
sion. Even the most heavy viscous ladings flow freely 
through QCf Round Port Valves. 


Split-second quarter-turn shutoff, non-wedging cylin- 
drical plug, Teflon* head gasket, are additional advan- 
tages that add to perfect performance of QCf Round 
Port Valves — that mean extra long trouble-free service 
— lower maintenance costs and fewer work stoppages. 


Act now to step up valve performance —to keep main- 
tenance costs down. Representatives in 50 principal cities. 


* DUPONT TRADE NAME 


W-K-M Manuracrurinc Company, Inc. 


A SUBSIDIARY OFOCFINDUSTRIES 


PLANT. MISSOURI CITY, TEXAS © MAILING ADDRESS: P. 0. BOX 2117, HOUSTON, TEXAS 


MANUFACTURING 


W-K-M acf KEY 
THROUGH-CONDUIT LUBRICATED ho 1 RETURN BENDS 
GATE VALVES PLUG VALVES | ) AND FITTINGS 


QCf gf Lubricated Plug Valves 
In salt water disposal plant. 
XHIBIT 
STATLER HOTEL 
LOS SELES a 
VIUBER 6-1 
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Glass graduate at left shows waste as it 
flows into settling tank at chemical plant. 
Mound of sludge filter cake in center rep- 
resents solids taken from liquid (right) 
before discharge into sewerage system. 


LINK-BELT Circuline Collector 
concentrates sludge fast 
in treating corrosive waste 


at Ohio chemical plant 


In Cincinnati, surcharges are levied on industrial 
wastes that exceed maximum legal strength when 
discharged to city sewers. At the St. Bernard, Ohio 
plant of Toms River-Cincinnati Chemical Cor- 
poration, Cincinnati Division, corrosive and abra- 
sive acid wastes make treatment prior to discharge 
to the city sewerage system the most economical 
disposal method. 

As in municipal water and sewage plants and 
industries throughout the country, Link-Belt had 
a hand in the solution. A Circuline Collector in 
the settling tank gathers settled sludge so gently 
that minimum agitation and maximum concentra- 
tion occurs. This results in high tank efficiency in 
removing solids and minimum costs to dewater 
the sludge. It is meaningful that in seeking maxi- 
mum efficiency and maximum sludge density, 
Link-Belt equipment was recommended by the 
consultants, R. L. Woolpert Co. of Dayton. 

In the same way, our engineers will help work 
out answers to your specific needs, collaborating 
with your engineers, consultants and chemists. 
Call the Link-Belt office nearest you. 


BELT 


LINK-BELT COMPANY: Executive Offices, Prudential 
Offices in All Principal Cities. 
Africa, Springs. Representatives Throughout the Worl 


rt Ofice, New York 7: 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S. 


This sitet settling tank is equipped with a Link-Belt 
Circuline Collector using Link-Belt Promal chain. Power is 
sugges through a Link- Belt worm gear and roller chain drive. 


After sludge is concentrated in two 13,500-gal. tanks, it is 
dewatered on a coil-spring vacuum filter and carried from filter 
by Link-Belt 18-in. wide belt conveyor to be trucked to a dump. 


Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants a pa Bates 


18,072 


See LINK-BELT at the Annual Meeting of the Federation of Sewage and Industrial Wastes Associations, Los Angeles, Oct. 8-11. 
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SEWAGE AND INDUSTRIAL WASTES 


How many 
communities 
in Michigan 
are served by 


Nichols Herreshoff 
furnaces?....... 


-e-more than 


The sewage sludge of 
more than 50 Michigan 
communities is burned 
or dried in Herreshoff 
furnaces. This repre- 
sents an actual con- 
tributory population of 
nearly three and a half 
Wyandotte Sewage Treatment Plant million people. Indus- 
Engineers, Hubbell Roth & Clark, Inc., Detroit, Mich. trial wastes add an- 


other large population 


Nichols Herreshoff equivalent to this total. 


Nichols Herreshoff s 
Multiple Hearth Dryer ‘Incinerators have been proved the 


simplest, cleanest and 
most economical of all 


Nichols Engineering & Research Corp. dryer-incinerators. 
70 PINE ST., NEW YORK 5, N. Y. 
1637 N. Illinois St., Indianapolis 2, Ind. 
1477 Sherbrooke St. W., Montreal 25, Canada 
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SEWAGE AND INDUSTRIAL WASTES 


View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois .. where Clow Cast Iron Pipe was furnished 
to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end—in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast lron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


201-299 North Talman Avenue * Chicago 80, illinois lowe Valve Co., Oskaloosa, lowa 
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Top Photo 


Fillmore, Calif. 
Sewage Plant 


Photo at Left 
Digester at 
Fillmore Plant 


Varec Equipment helps Fillmore, Calif. 
meet its Sewage Problem 


Fillmore faced a common problem of 
many Southern California cities, — a 
booming population that over-taxed the 
sewage system. 

The solution was a compact, modern 
digester system that is efficient and attrac- 
tive. To protect this fine plant against fire 


and explosion, and regulate the volatile 
sewage gas for smooth operation, VAREC 
SEWAGE GAS CONTROL AND 
SAFETY DEVICES are on the job. 

Over 18 years of experience in control- 
ling sewage gases has made Varec one of 
the leaders in the field. 


Send for Varec Catalog S-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Al da St., Compton, California 
Cable Address: Varec Compton Colifornia (U.$.A.) All Codes 


$-14 Available from Authorized Sewage Equipment Agents throughout the U.S. and Canada 
Visit our Booth No. 10. FSIWA Convention, Hotel Statler, Los Angeles, Oct. 811, 1956 
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THE QUICKEST WAY TO THE RIGHT ANSWER — 


FACTORY-BUILT 
QUALITY WITH 
SAVINGS 


NO FLOAT 
ROD T0 
BIND 


NO STUFFING 
BOX TO LEAK 


NO ELECTRODES 
TO FOUL OR 
SPARK 


NO MESSY 
MAINTENANCE 


e An integrated design, each piece proven by the test of time. 
e Precision assembled by factory experts. 
e Automatic dehumidifier to eliminate condensation. 
e Prewired with a color coded central electrical control cabinet. 
e Factory tested and adjusted b 
shipment. 
e Easily and quickly installed. 
e Especially designed for minimum maintenance. 


For Job Rec« dations, Complete Specifications, and Draw- 
ings—all part of the latest edition of the 100 page Smith & 
Loveless lift station Data Manual 


WRITE DEPARTMENT 30 


“He. 


BOX 8172 KANSAS CIT 
MANUFACTURING PLANT MERRIAM, KANSAS 


REPRESENTATIVES IN PRINCIPAL Cities 


LIFT ST, ECTOR 
PAT. PEND. TA TIO 

MOST ADVANCED DESIGN EJECTOR- STATIONS 
ie 
4 
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HARVEY, ILLINOIS ENDS PROBLEM 
OF FLOODED BASEMENTS WITH 


CONCRETE PIPE 


To end a vexing problem of flooded basements in a 
large section of the city, Harvey, Ill. built a new relief 
concrete pipe storm and sanitary sewer. Both the old 


and the new sewer lines connect with the system of 
the Chicago Sanitary District at the north city limits. 


The project used more than 40,000 ft. of concrete 
pipe 21 to 90 in. in diameter. It was financed by two 
bond issues—$675,000 in revenue bonds and $1,500,- 
000 in general obligation bonds. 


Like Harvey, hundreds of American cities depend 
on long-lasting concrete pipe sewer installations. 
These many systems have demonstrated concrete 
pipe’s rugged durability, great structural strength, 
maximum hydraulic capacity, minimum infiltration 
and leakage, and unusual resistance to abrasion. 


Concrete pipe sewers are moderate in first cost, re- 
quire little maintenance and give lifetime service. 
The result is true low-annual-cost sewer service. 
Write for free 48-page booklet, “Concrete Sewers,” 
distributed only in the United States and Canada. 


PORTLAND CEMENT ASSOCIATION 


33 West Grond Avenue, Chicago 10, Illinois 
A national organization to improve and extend the uses of portiand cement 
and concrete... through scientific research and engineering field work 
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SEWAGE AND INDUSTRIAL WASTES 363a 


screen GRINDERS one 


no problem 
problem of sewage screen- 


ings disposal. Screenings are pulp-ground and returned to the 
sewage. They readily settle and will not increase scum formation 
in primary plant. Get more information on Jeffrey Mechanically 
Cleaned Bar Screens (back cleaned, inclined or vertical) and 
Jeffrey Grinders (with metal catcher). Available in engineered 
combinations for all sizes of plants. For Catalog 833-A, write to 
Sanitation Sales Division, The Jeffrey Manufacturing Company, 
Columbus 16, Ohio. 


Apron, Belt, Spiral Conveyors 
Bar and Disc Type Screens 
Biofiltration Plant Equipment 
Bucket Elevators 

Chains and Sprockets 

Dry Chemical Feeders 
FLOCTROLS 

Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 
Scum Removers 

Sludge Collectors 
Sludge Elevators 
Traveling Water Screens 


JEFFREY DISTRICT OFFICES ¢ 
Birmingham 3, Ala., 2210 Third Ave. Houston 2, Tex., 903 City Nat. Bank Bidg. 
Boston 16, Mass., 38 Newbury St. Jacksonville 2, Fia., 507 Exchange Bidg. 
Buffalo 2, N.Y., 402 Jackson Bidg. Milwaukee 2, Wis., 735 N. Water St. 
Chicago 1, lll., 307 N. Michigan Ave. New York 7, N.Y., 30 Church St. 

Cincinnati 2, O., 2905 Carew Tower Philadelphia 3, Pa., Suburban Station Bidg. 
Cleveland 15, O., 1560 Hanna Bidg. Pittsburgh 22, Pa., 1424 Oliver Bidg. 


Denver 2, Colo., 1726 Champa St. Raleigh, N.C., 116 S. Harrington St. 
Detroit 13, Mich., 5808 St. Jean Ave. Salt Lake City 1, Utah, 733 Judge Bidg. 
Duluth 2, Minn., 14 W. Superior St. St. Lovis 1, Mo., 1961 Railway Ex. Bidg. 


San Francisco 2, Calif., 870 Market St. 


CONVEYING PROCESSING MINItInG EQUIPMENT 
TRANSMISSION MACHINERY e CONTRACT MANUFACTURING 
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SEWAGE AND INDUSTRIAL WASTES 


IMCO TWO PIECE SEWAGE FILTER TILE 


Engineer's preference due to— 


MAXIMUM AERATION 
MAXIMUM STRENGTH 
MAXIMUM CHANNEL DISCHARGE 


GUARANTEED CLEAN CHANNELS 


with clam shell loading of stone from the 
beginning of stone placement 


Write for Catalogs or advice on your problems 


INDUSTRIAL MATERIALS COMPANY 
"IMCO” 


Somerset Street & Trenton Avenue 


Philadelphia 34, Pennsylvania 
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COMMINUTORS. Since raw sewage flows straight through in 
the Worthington design, the comminutor can be installed in a 
simple rectangular channel (inset) without expensive masonry 
work. This one is located at Klamath Falls, Ore. 


DUAL-FUEL ENGINES. Operating on oil or gas or any combi- 
nation of both, these Worthington dual-fuel engines drive 
blowers for the Little Ferry, N. J., Treatment Plant of Bergen 
County Sewer Authority. 


How to get more for 


Be sure you take advantage of the extra services offered 
to municipalities considering sewage treatment plants. 
Regardless of the size of the installation you plan, 
whether large or small, here’s how Worthington can 
help you. 


Trained specialists will sit down with you and study 
the situation in the planning stage. They will help you 
recommend, step-by-step, the best and most up-to-date 
equipment to do your specific job in the most economic 
way. 


An unbiased recommendation. Because Worthington 
makes a complete line of engines, compressors, com- 
minutors, pumps, and auxiliary equipment, you get an 


MIXFLO PUMPS. Available in sizes from 2 MGD to over 300 
MGD, Mixflo pumps have non-clogging sewage-type impellers 
for passing large solids. This one handles raw sewage in the 
new Salem, Ore., Treatment Plant. 


FREFLO PUMPS. Available in sizes from 100 GPM to 5 MGD, 
these Worthington Freflo pumps in the Bethlehem, Pa., Sew- 
age Disposal Plant offer maximum freedom from clogging. 


your equipment dollar 


equipment recommendation based on a broad look at 
all available ways of doing the job. 


Unit responsibility. You do business with one company 
—eliminating delays and inconvenience that can occur 
when you are forced to co-ordinate the efforts of several 
suppliers. 

Some of the sewage treatment plant equipment built 
by Worthington include: pumps; gas, dual-fuel, and 
diesel engines; vacuum pumps; air and gas compressors, 
and comminutors. 

For more information about any of these products, 
call your nearest Worthington District Office, or write to 
Section W65, Worthington Corp., Harrison, N. J. In Can- 
ada: Worthington (Canada) 1955, Ltd., Toronto, Ont. 

W.6.5R 


WORTHINGTON 
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SEDIMENTATION 


TUBERCULATION 


KNOW-HOW PAYS! 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 


National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 


ATLANTA, 333 Candler Building * BOSTON, 115 Peterboro Street * DALLAS, 6617 Snider Plaza 
DECATUR, P.O. Box 385 © ERIE, PA., 439 East 6th Street « FLANDREAU, S. D., 315 N. Crescent 
Street « KANSAS CITY, MO., 2201 Grand Avenue, 406 Merchandise Mart © LITTLE FALLS, N. J. 
P.O. Box 91 * LOS ANGELES, 448 So. Hill Street * MINNEAPOLIS, 200 Lumber Exchange 
Building * OMAHA, 3812 Castellar Street « RICHMOND, VA., 210 E. Franklin Street * SALT 
LAKE CITY, 149-151 West 2nd So. Street * SAN FRANCISCO, 681 Market Street * SIGNAL 
MOUNTAIN, TENN., 204 Slayton Street * HAVANA, P.O. Box 531 * MANITOBA, CANADA, 
576 Wall Street * MONTREAL, 2028 Union Avenue * SAN JUAN, PUERTO RICO, Apartado 2184 
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SEWAGE AND INDUSTRIAL WASTES 


YEOMANS MANUFACTURES THE 
MOST COMPLETE LINE OF 
APPLICATION - DESIGNED 
SEWAGE TREATMENT EQUIPMENT 


which includes . . 


. . SPIRAFLO CLARIFIER for both primary and 
fina! clarification of domestic and process wastes. 
A clarifier of radically different design, the Spiraflo 
offers complete settleable solids removal; greater 
removal of finely divided particles; positive grease, 
scum oil removal; iform velocity throughout 
tank; and straight wall design which reduces con- 
struction costs. 


.. the WATER-WHEEL, a rotary distributor used 
with trickling filter systems in the secondary treat- 
ment of sewage. exceptionally ed, yet 
simple piece equipment, the Water-wheel pro- 
vides uniform distribution over the entire filter 

at all flow rates .. even the lowest. Costly acces- 
sories such as underground feed pipe, dosing 
chamber with siphon, center support, and mercury 
seal are not required, 


*.. the CAVITATOR, a Yeomans 

it for low cost treatment of both domestic sewage 

d industrial wastes. Perfectly suited for small 

‘communities, subdivisions, motels, resorts, schools 

and industrial plants, the Cavitator has excellent 

er ciency, and extremely low requirements 
pound of B.O.D. removed. 


.- YEOMANS BOTARY DISTRIBUTORS (both 
standard rate and high capacity). Standard rate 
units distribute evenly across the entire filter bed 
.. adjustable nozzles produce fine, well-aerated 
epray which carries down high volumes of oxygen. 
or high capacity filters both the Yeomans 
capacity type distributor, and the Aero-Filter system 
are available. 


Use this coupon to request any or all of the following technical bulletins: 


(0 Yeomans Spirafio Clarifier, bulletin 6791 
(0 the Cavitator, 12 page bookiet 

(0 Water-wheel, catalog 6555 

o Foomens bulletin 6504 


YEOMANS 1999-7 N. Ruby Street - Melrose Park, Illinois 


manufacturers of: distributors « clarifiers « mechanical 
centrifugal pumps 


sewage ejectors digesters 
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NOW! 


Direct bacteriologic control easy and 


economical with 


WATER 


LABORATORY 


You existing personnel can be taught 


quickly to make bacteriological tests using this 
one complete portable piece of equipment. 


Write today for detailed information. 


A G CHEMICAL 
COMPANY, INC. 


Box 65C, Pasadena, California 
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Reduce Pumping and Treatment Plant Costs 
Prevent Infiltration with AMVIT* JOINTED CLAY PIPE 


Field tests on completed AMVIT installations prove 
that ground water infiltration can be controlled and prevented. 


Engineers can thus reduce infiltration specifications far below 
accepted standards, use smaller diameter pipe and lower pumping 
and treatment plant costs. 


True Mechanical Joint 

The Amvit Joint is a true mechanical joint based on the ball and socket 
principle. When the pipe is “pushed together”, and that's all it takes 
to make a water-tight joint, the bell and spigot rings are in constant 
compression. The line is then ready for testing and backfilling. 

Available in 4" through 24” 
Amvit Jointed Clay pipe, in sizes 4” through 24”, together 
with all fittings is available for immediate delivery in the 
Northeast and Central States. 
For more information, write or call American Vitrified Products Co., 
National City Bank Bldg., Cleveland, Ohio, or our office nearest you. 


SINCE 


American Vitrified 
Products Company 


The Amv:t Joint is made of a plastic material with rubber-like characteristics, eS ae 
Like the pipe, the joint will withstand the most severe underground condi- 
tions. Amvit Joint is also furnished on all standard fittings. 


OT. M. Registered. Patents Pending MANUFACTURERS of: Clay pipe, five 
liners, clay liner plates and concrete pipe. 


Fenton, Michigan Grond Ledge, Michigan + Lishon, Ohio + Les Angeles, Colifernia Milwoukee, Wisconsin + South Bend, Indiens + Uhrichsville, Ohio 


4 
Plants Across the Nation... indiana + Chicago, illinois Cleveland, Ohie + Crewlordsville, indiana + Detroit, Michigan + test Liverpool, Ohie 


370a SEWAGE AND INDUSTRIAL WASTES 


COMPLETELY AUTOMATIC MECHANICALLY CLEANED 


UNIT BAR SCREEN 


Exclusive Pivoted Rake Design 
Assures Positive Raking from 
Absolute Bottom of Channel 


Horizontal position of rake teeth at the 
beginning of cleaning cycle accomplishes 
raking from absolute bottom of channel. 


not push them away Nore HE “AMERICAN” UNIT SCREEN 
Completely automatic witha limit switch 
which stops operation with the rake out 
of the flow when time control or water 
level control cycles have been com- 
pleted « Easily installed as a unit in 
concrete channels ¢ Total height of unit 
from mounting floor to motor base is 
only five feet e The entire above-floor 
structure is enclosed with stainless steel 
panels secured by quick opening fas- 
teners to permit easy inspection and 


Rake making 45° radial drop to discharge 


screenings into trough—Note shear pin hub access. 
with tool steel shaft and hub inserts for 
perfect shear action. Send for Technical Supplement “MS” 


SEE OUR NEW 


| AMERICAN WELL WORKS 


BOOTHS 47-48 


R 86TH YEAR Pumping, Sewage Treatment, and 
FSIWA CONVENTION 10 ‘North Broadway Water Purification Equipment 


Los Angeles, Oct. 8-1! AURORA, ILLINOIS RESEARCH- ENGINEERING - MANUFACTURING 
Offices Chicago Mew York Clevelond Cincinnoti - Kamas City > Soles Representatives throughout the World 
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- Armco's first sewer structures had only a 
Zi nce-Coated galvanized coating to protect the base metal 
from corrosion and erosion. Sewer pictured 
is one of these early installations. Since then 
Armco developed Assestos-BONDED Pipe, 
Arm CO Sewer having asbestos fibers embedded in the zinc 
and coated with a special asphalt to pro- 
vide complete and lasting protection, even 
when exposed to highly corrosive industrial 

Serves wostes. 
So ask yourself this question: “If a 
sewer with only a galvanized coating 
is still serving after 49 years, how long 


49 Ye d rs — Armco ASBESTOS-BONDED Sewer 


Quite frankly, we can only guess. 
To illustrate, a 42-inch-diameter Armco 
S F AsBestos-BONDED Sewer was installed in 
see 0 ar 1940 at a blast furnace in Hamilton, Ohio. 
It carries sanitary sewage as well as an ex- 
tremely corrosive effluent from the blast 
furnace. Temperature of the water at the dis- 
charge end is above 100°F the year around. 
Inspected recently, there was no noticeable 
change in its condition. 
And that's the problem. Installed Armco 
AsBeSTOS-BONDED Sewers haven't shown 
enough signs of aging to even estimate the 
expected service life! 
For more data, write us, describing your 
sewer problem. Also cisk about other Armco 
Structures that solve various problems of 
corrosion, erosion, and flow on flat slopes. 
Armco Drainage & Metal Products, Inc., 3966 


still giving satisfactory service today. of Armco Stee! Corporation. 


Armco Sewer Structures 
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SEWAGE AND INDUSTRIAL WASTES 


Figure 1—Aeration gallery, showing Bailey & £ eb 
Meters which measure the aerated sewage, air, & FLOW Fran 
and return sludge. 


Figure 2—Bailey Electronic Flow Totalizers sum 
up total sewage, air, and sludge flows measured 
at individual gallery stations, showing ata 
Havens & Emerson—Consulting Engineers 


FLOW TOTALIZATION at 
Southerly SewageTreatment Plant 


Instantaneous plant performance and operating trends are continuously available 


to supervisors and operators through Bailey’s Electronic Flow Totalizer. 


The new 32 MGD addition to the Southerly Sewage Treatment Plant, Cleveland, 
Ohio is equipped with Bailey Flow Meters, Integrators, Indicators, and Recorders. 


Complete instrumentation and automatic controls for sewage and industrial waste 
treatment plants are engineered and manufactured by Bailey to meet the most rigid 
requirements of any size plant. 

If you are planning new construction, a Bailey Application Engineer will be pleased 
to help you lay out your instrument and control requirements. MU-26 


WATER & WASTE TREATMENT DIVISION 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
In Canada—Bailey Meter Company Limited, Montreal 
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SEWAGE AND INDUSTRIAL WASTES 


A Year of Accomplishment 


he year following the 28th Annual Meeting sees con- 
tinued progress in our efforts in research, development, 
and manufacturing at Peapack, and in relatively nationwide 
application of our Coilfilter for the dewatering of sanitary 
sludges. 


Our Research Laboratory has been in operation for a year, 
and while nothing monumental has as yet come from the 
Chemists’ labors, we do have a feeling of assurance in keep- 
ing an eye on basic research, and this department can be 


helpful in solving day-by-day practical field problems. 


In our manufacturing operation, more tools have been added 
including a large welding jig for efficient fabrication of the 
filter drums. Another 8,000 square feet of manufacturing 
space has been built, and we are able to continue to make 
an ever increasing number of shipments on time. 


In the field, approximately 30 more Coilfilters have gone 
into successful operation including a number on raw sludge 
dewatering, and our good reputation continues to grow. 
Our future looks bright indeed, and we again want to express 
our appreciation to the Sanitary Field for rewarding our 
efforts. 


Respectfully, 
T. R. Komline 


KOMLINE-SANDERSON 
ENGINEERING CORPORATION 
MANUFACTURERS OF THE COILFILTER 


PEAPACK, NEW JERSEY 
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SEWAGE AND 


INDUSTRIAL WASTES 


Largest floating cover digester installation on the West Coast— 
San Francisco’s North Point Sludge Treatment Plant 


At San Francisco, California... 


10 P.F.T. Floating Cover Digesters installed 


to gain “Controlled Digestion” advantages 


In operation since 1952, this modern plant has 
a digester capacity of 2,451,000 cubic feet, and 
handles sewage sludge for a population of 
1,169,000. The plant was designed and equipped 
to effectively control action in the digestion 
tanks, and to efficiently utilize the large volume 
of solids, 

There are two batteries of five digesters, and 
a control building for each group. All ten 
digesters are equipped with 100’ diameter 
P.F.T. Floating Covers for positive scum sub- 
mergence and safe utilization of gas. The snug- 
fitting P.F.T. covers eliminate odor problems 

an important consideration in this installation 
because of 
collected 


a residential area close-by. Gas 


domes is maintained at 


constant pressure under all operating conditions, 


under the 


greatly reducing explosion hazards. Capacity is 
highly flexible, because no fixed levels need be 
maintained; covers simply rise or lower with 
additions and withdrawals. 


PORT CHESTER, N. Y¥. @ SAN MATEO, CALIF. @ 


CHARLOTTE, N.C. @ 


Housed in the contro] buildings are a total 
of eight P.F.T. #1500 Digester Heaters and 
Heat Exchangers, equipped with automatic con- 
trols. These heaters—using sludge gas as fuel— 
maintain constant digester temperatures, and 
also heat the control buildings. Rated heater 
output capacity is 12,000,000 B.t.u./Hr. Other 
P.F.T. equipment at this plant includes floating 
cover position indicators, and a full complement 
of P.F.T. Gas Safety Equipment. 


Engineering office 
otf of Clyde C. Kennedy, 


plant by San Francisco, Cal. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


JACKSONVILLE @ DENVER 
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General view of the plant. inset, closeup of Bar Screen and Disintegrator 
Consulting Engineers: Ripple & Howe, Denver, Colorado. 


Dorrco Bar ScREEN — SULZER DISINTEGRATOR 


Simplifies Screenings in Municipal and Industrial Waste 
Treatment Plant... Biofiltration Flowsheet 


The North Washington Sanitation District sew- 
age treatment plant near Welby, Colorado takes 
care of both domestic and packing house wastes 

To reduce the coarse screenings prior to subse- 
quent treatment steps a Dorrco Bar Screen and 
Dorrco Sulzer Disintegrator are used in ‘‘closed- 
circuit.’’ Here’s how they operate . . . screenings 
are fed to the Disintegrator, ground to a “‘mealy” 
consistency, and returned to the plant flow for 
further treatment. A portion of the Disintegrator 


discharge is re-cycled to flush screenings through 
a trough into the Disintegrator feed sump. Elec- 
trical controls automatically operate the two 
units in conjunction with each other. 

Other Dorr equipment in the plant includes a 
Clarifier, Distributor and Digestor. Plant flow is 
1000 GPM minimum; 2000 GPM maximum. 

If you'd like more information on this modern 
answer to the screenings handling problem, write 
for a copy of Bulletin No. 6400. Dorr-Oliver 
Incorporated, Stamford, Connecticut. 
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Sewage Works 


CORRELATION OF TRICKLING FILTER DATA 


By M. Farraut * 
Public Health Engineer, Iowa Department of Health, Des Moines, Iowa 


A statistical correlation of trickling 
filter loading and performance data is 
presented in this article. Two different 
methods of plotting data are compared. 
One method is that used by the Great 
Lakes-Upper Mississippi River Boards 
of State Sanitary Engineers for filters 
without recirculation in which the per 
cent B.O.D. remaining in the settled 
effluent is plotted against the organic 
loading in pounds of B.O.D. daily per 
1,000 cu. ft. of media. The second 
method is a plot of the fraction of 
B.O.D. remaining in the settled effluent 
against the gross volume of the filter 
(thousands of cubic feet) per volume of 
raw sewage per day (m.g.d.). 

Use is made of the following symbols 
and definitions: 


Q = volume of raw sewage (m.g.d.) ; 
V’ = gross volume of filter media (1,000 
cu. ft.); 

L = organic loading, pounds of 5-day 
B.O.D. in settled raw sewage per 
1,000 cu. ft. of filter media per 
day; 

n = fraction of 5-day B.O.D. in settled 
raw sewage remaining in follow- 
ing clarifier effluent; 

D = dosage rate (m.g.a.d.) ; 

d = depth of filter media (ft.); 

8; = strength of primary clarifier efflu- 
ent, 5-day B.O.D. (p.p.m.); 

8, = strength of following clarifier efflu- 

ent, 5-day B.O.D. (p.p.m.) ; 
= area of filter (sq. ft.) ; 
= recirculation ratio; 


* Present address: Brown Engineering Co., 
Des Moines, Iowa. 


# = adjusted coefficient of correlation, 
for log. form of equation ; and 

S = standard error of estimate, for 
log. form of equation. 


To handle the data readily, it is de- 
sirable to plot the data in a straight line 
form. Actually, many forms of plotting 
were tried with the raw data and the 
form used here gave the best visual fit. 
To illustrate the method of plotting, 
for a daily flow of one million gallons, 
various sewage strengths were assumed 
and applied to filters of given areas and 
depths. For the given conditions, the 
fraction of B.O.D. remaining in the set- 
tled effluent was calculated from the Ten 
State Curve (1). The conditions and 
calculated results are shown in Table I. 
The calculated data are plotted on log.- 
log. paper in Figure 1. 

As would be expected, a separate 
curve was obtained for each of the three 
assumed strengths of filter feed in the 
plot of the data by the second method. 
For instance, for a filter dosed at a 


constant rate so that — has a value of 


Q 

20; when the sewage strength is 100 
p.p.m. B.O.D., the calculated fraction 
remaining would be 0.29, and when the 
strength is 200, the fraction remaining 
would be 0.375, etc. But, it has been 
shown previously (2) (3) for various 
filters that when the dosage rate is con- 
stant the fraction of B.O.D. remaining 
in the settled effluent varies as though 
by chance alone, and that variations in 
sewage strength may not be a factor. 


1069 


ay 


L070 


TABLE I. 


| 1,000 sq. ft. | 


| 0.069 
0.23 


0.46 


0.069 
0.23 
0.46 


0.69 


0.069 


0.46 


0.69 


0.92 


Data were assembled from 44 plants 
with single-pass filters in the Upper 
Mississippi Valley States using 24-hr. 
composite samples for 80 random days. 

Computations were made by the 
method of least mean squares (4) for 
both methods of plotting, n versus L 


ri 
and n versus Q . For n versus L, was 
yr 


0.52 and for n versus — , * was 0.555. 


In other words, for the 80 daily com- 
posites, the data plotted as n versus L 


or n versus — on log.-log. paper corre- 


lated as well when the strength of the 
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Calculated Filter Performance 


(0 1 m.g.d., V’ 


feed was omitted from the filter loading 
as when it was considered to be a factor 
in loading. 

From this it was concluded that, 
within values which did not limit the 
rate of absorption of oxygen, the 
strength of the sewage was not a factor 
in filter performance when that per- 
formance was evaluated as the fraction 
of B.O.D. remaining in the settled filter 
effluent. 


Values of n versus Q are plotted in 
Figure 2. Values of n versus L were 


not plotted but they would be as badly 
scattered as those shown. 


$1 |. D d Q L | n 
—| Acre | 

100 3 9 92.3 | 0.40 
- | 6 i8 46.0 | 0.31 
24 | 346 | 0.27 
‘ng 10 | 4.35 6 | 6 | 138 0.17 
8 80 | 10.4 0.15 
| 20 | 2.18 3 60 | 138 | 0.17 
| 6 10 | 69 | 0.13 
160 | 52 | 0.11 
200 | 145 3 9 | 184.0 0.50 
6 18 86.5 0.38 
od | | 8 24 | 65.0 0.35 
10 | 4.35 3 30 | 55.1 0.33 
| 6 60 | 276 | 0.23 
an 8 80 | 28 | 022 
BS 20 | 2.18 3 60 | 27.6 | 0.23 
6 120 13.8 0.17 
— 8 | 160 | 104 0.15 
.. | 30 = 1.45 3 90 18.4 0.20 
| — | 6 | 180 | 8.65 0.135 
ee - 8 | 240 | 6.5 0.125 
300 3 | | 9 277.0 | 
- | 6 18 | 138.0 | 0.45 
ey . - 8 24 | 1040 | 0.42 
Se 20 — 2.18 3 60 | 415 | 0.30 
— | 6 120 | | 0.22 
8 160 15.6 | 0.18 
30 1.45 a: | 0.23 
6 | 180 | 137 | 
1.09 3 120 | 208 0.22 
Ba l= 6 | 240 | 10.4 | 0.15 
. 8 | 320 | O18 
| 
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The method of plotting n versus 
on log.-log. paper was then extended to 
filters with recirculation. Where R is 
the quotient of the volume of recircu- 
lated sewage divided by the raw sewage 
volume, it ean be shown that the aver- 
age number of passes of sewage liquid 
through the filter is (1+). There- 
fore, for filters with recirculation, n was 


V’(1+R) 
plotted versus , as shown in 
Q 
Figure 3. Data for 49 daily compos- 


ites from 23 plants in the same area 


were evaluated by the method of least 
mean squares. The adjusted correla- 
tion coefficient, #, had a value of 0.739. 

It should be noted that performance 
was calculated on a materials balance 
basis. For filters with recirculation 
from the final clarifier (either over or 
under flow) back through the primary 
clarifier, it was assumed that the por- 
tion of the filter feed equal to the re- 
circulation volume had a strength equal 
to the settled effluent from the final 

clarifier. For this reason, * does not 
always equal n. 

Sufficient data regarding tempera- 
ture variations were not available. 

The empirical equations were: 


|. Filters without recirculation 


n= 1.102 ( Q ) (Figure 2) ; 


7 = 0.555 S = 0.234; 

n = 0.1062 L°*” (not plotted) ; 
7 = 0.52; 

5 = 0.34. 


2. Filters with recirculation 


2.065 ( V'(1+R) ) 0.444 
n = 2.060 Q 


(Figure 3); 
= ().739; 
S = 0.23. 
3. For all data- 
{ V’+R) (dashed 
n = 1.157 ( Q ) 
line on Figure 3); 


? = 0.705; S = 0.22. 
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The performance of a two-stage plant 
would be calculated by adding the val- 
V'(1+ R) 


ues of for the two stages and 


determining the value of n for the over- 
all performance. 


Conclusions 


1. Filter performance for a first-stage 
filter without recirculation as calculated 
from the Ten State Curve (1), plots as 
a straight line on log.-log. paper. 

2. Observed daily filter performance 
correlated as well with water loading 


expressed as Q 
loading expressed as B.O.D. per unit 
volume. 

3. The strength of the sewage in the 
filter feed is a negligible factor in filter 
performance when performance is eval- 
uated as percentage B.O.D. removal. 

4. Observed data for first-stage filters 
with recirculation correlated even better 
than for filters without recirculation. 

5. The equations presented can be 
used for filter design. 


- as it did with organic 
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B.O.D. SATISFACTION BY FUNGI 


By Wma. Cooke, W. AuLAN Moore, anp Paut W. Kasier 


Respectively, in charge, Fungus Studies, Microbiology; in charge, Analytical Unit, 
Chemistry and Physics; and Chief of Microbiology, Water Supply 


and Water Pollution Program, Robert A. 


Taft Sanitary 


Engineering Center, Cincinnati, Ohio 


Several fungi have been isolated in 
significant numbers from various lo- 
cations in a sewage treatment plant 
(4) and in a stream (5) both above 
and below a sewage outlet. Available 
information (3) shows that certain 
fungi occur regularly in such habitats 
and apparently are able to multiply 
therein. Melin and Nannfeldt (8) 
found that fungi were able to increase 
in paper mill white water, and Ruch- 
hoft, Ettinger, and Walker (10) found 
that mold-like growths occurred in 
biochemical oxygen demand (B.0.D.) 
test bottles after five days incubation 
in highly acid waters (pH 2.7). 

All fungi studied to date require 
free or dissolved oxygen for growth 
and reproduction. They are thus 
aerobie organisms and should be able 
to function and produce growth under 
the conditions described herein. Cer- 
tain fungi, including yeasts, are able 
to carry on fermentative functions 
without the presence of free or dis- 
solved oxygen. They do this at the 
expense of preformed tissue. 

The B.O.D. determination was used 
as a tool in this investigation to evalu- 
ate the oxygen consuming capacity 
of certain species of fungi and sewage 
organisms, either alone or in combi- 
nation. The results should indicate 
whether these fungi can readily oxi- 
dize organic materials and thereby 
successfully compete for nutrients in 
the natural purification of polluted wa- 
ters. 

The choice of molds to be used in 
the test was based on their prevalence 
in sewage and polluted water. Most 


species selected were found abundantly 
im the polluted waters of Lytle Creek, 
Clinton Co., Ohio; in various parts of 
the Dayton, Ohio, sewage treatment 
plant; and in the sewage treatment 
plant at Yellow Springs, Ohio. In ad- 
dition, some of the species were found 
in isolations from a stream carrying 
wastes from a pharmaceutical plant 
at Lawrenceburg, Ind., and in sam- 
ples from the Ohio River and other 
habitats. 


Experimental Technique 


Eight commonly isolated species of 
fungi were chosen for this study. 
They include Fusarium aquaeductuum, 
F. oxysporum, Geotrichum candidum, 
Margarinomyces heteromorphum, Peni- 
cilium lilacinum, P. nr. melini, P. 
ochrochloron, and Trichoderma viride. 
The strain of F. oxysporum showed a 
tendency to utilize hydrocarbons in 
dilution water, and the strain of P. 
nr. melinti was isolated from streams 
carrying acid mine wastes. 


Mold Seed 


Mold seed was prepared as follows: 
a needle-full of spores was transferred 
from a stock culture slant to 100 ml. 
of sterile dextrose-phytone broth (pH 
approximately that of subsequent 
tests) in a 250-ml. Erlenmeyer flask, 
shaken on a rotary shaker for three 
days at room temperature, filtered 
through a sterile membrane filter. 
The resulting mycelial mat was washed 
and floated off the filter into 100 ml. 
of sterile distilled water in another 
250-ml. flask. The mat was broken up 
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in a Waring Blendor, the jar of which 
had been autoclaved at 20 lb. for 15 
min., and the resulting suspension was 
stored in a refrigerator until needed. 
Such suspensions have remained vi- 
able for as long as five months but 
in the present study they were used 
within two weeks. This type of in- 
oculum was preferred to a simple 
spore suspension in which lag periods 
might have developed during spore 
germination. 

Ten milliliters of the mold seed sus- 
pension were added to 100 ml. of 
sterile distilled water, and 25-ml. ali- 
quots of the freshly prepared dilute 
suspension were used in seeding each 
daily experiment. Mold counts showed 
that 5,000 to 25,000 spores of appar- 
ently viable cells per milliliter of ali- 
quot were added to the solutions de- 
scribed subsequently to give 0.5 per 
cent (by volume) of mold seed. 


Sewage Samples 


Sewage was collected from a sani- 
tary sewer serving a residential area 
as soon after 8:30 am as possible. Sew- 
age was not collected on days when 
rains produced a heavy runoff of silted 
or clay-carrying water. Sewage which 
had settled 48 hr. was used in experi- 
ments at pH 2.9 and 5.1, and 24-hr. 
settled was used in experi- 
ments at pH 7.2 and 9.5. In addition, 
for experiments at pH 2.9 a portion 
of the was allowed to settle 
for about 6 hr., the pH was adjusted 
to 3.0, and settling continued for the 
remainder of the 48-hr. period. No 
count is available of the organisms in 
the sewages used, nor are there any 
available data on the types of organ- 
isms seeded into the experiments as 
‘‘normal sewage seed.’’ 


sewage 


sewage 


Dilution Water 


‘Formula ( dilution water was 
prepared according to Standard Meth- 
ods (1). Buffers for pH 5.1 and 9.5 
were made up according to Gortner 
and Gortner (6). For pH 5.1, a 
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Na,HPO,-KH,PO, solution was pre- 
pared to approximate a theoretical pH 
of 5.0. After autoclaving, this gave 
a pH of 5.1. For pH 9.5, a boric 
acid-KCl-NaOH mixture was prepared 
to give a theoretical pH of 10.0. After 
autoclaving, the pH was 9. + 0.2. 
For pH 5.1 and 7.2 buffers, the calcium 
chloride and magnesium sulfate solu- 
tions had to be autoclaved separately 
to prevent precipitation. For approxi- 
mate pH 3.0, 37.0 ml. of a solution 
of 10 g. per liter of concentrated 
H,SO, was added to a 5 1. of dilution 
water. All pH measurements were 
made with a Beckman pH meter. 


Substrate 


The synthetic substrate contained 
150 p.p.m. each of glucose and glu- 
tamie acid in dilution water adjusted 
to the pH of the experiment. One 
hundred milliliters of distilled water 
were added to compensate for evapo- 
ration during sterilization. All glass- 
ware, siphons, connectors, rubber stop- 
pers, foil-eapped B.O.D. bottles and 
solutions sterilized in an auto- 
clave at pressure for 30 min. 


were 


20 


Test Procedures 

Following overnight storage at 20° 
C., the bottles of adjusted dilution 
water were removed to the laboratory 
and seeded with the mold or sewage 
seeds. For pH levels of 5.1, 7.2, and 
9.5, the seven 8-l. serum bottles were 
seeded as shown in Table I. 

For studies at pH 2.9, it was neces- 
sary to add two additional series. 
These were inserted after bottles Nos. 
2 and 5, and contained sewage seed 
acclimatized at pH 3.0 in the same 
amount as unacclimatized sewage seed. 
In bottles Nos. 4 and 7, pH 3.0 ac- 
climatized sewage seed was used with 
the mold seed. 

After seeding the serum bottles, the 
cotton stoppers were replaced with 
sterile rubber stoppers, the bottles 
were shaken in order to raise the dis- 
solved oxygen level as high as possible 


=A 
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TABLE I.—Serum-Bottle Additives and Seeds 


Bottle No. | Additive and Seed' 


1 | 2.0 per cent glucose-glutamic acid 
2 | 0.6 per cent sewage seed 
3 | 0.5 per cent mold seed 
4 | 0.6 per cent sewage seed, 0.5 per 
| cent mold seed 
5 2.0 per cent glucose-glutamic acid, 
| 0.3 per cent sewage seed 
6 | 2.0 per cent glucose-glutamic acid, 
0.5 per cent mold seed 
7 2.0 per cent glucose-glutamic acid, 
0.3 per cent sewage seed, 0.5 per 
cent mold seed 


! Includes 5 1. of dilution water. 


(usually between 7.0 and 8.5 p.p.m.), 
and portions of the contents were 
asceptically siphoned into 13 sterilized 
B.O.D. bottles. The remaining solution 
was used for pH determinations. 

The first and last bottles siphoned 
were used for determination of the in- 
itial dissolved oxygen. Ten B.O.D. 
bottles were stored by inversion in wa- 
ter baths at 20° C. One bottle was 
stored for a final test of the pH. The 
water baths in which bottles Nos. 1, 3, 
and 6 were incubated were dosed 
with 1 ml. of an _ iodine-potassium 
iodide solution (prepared by adding 
100 g. of I, and 130 g. of KI to 1 1. 
of water). With each withdrawal of 
B.O.D. bottles for the D.O. determina- 
tion (at 2-day intervals) an additional 
0.5 ml. of the [,-KI solution was added 
to each tray. This solution prevented 
contamination of pure cultures by mo- 
tile bacteria which could penetrate the 
water seal around the glass stoppers. 
Prior to each D.O. determination, 1 
ml. of sample was taken from the bot- 
tle and plated in phytone-dextrose 
agar to determine the bacterial and 
fungus count. Where contamination 
occurred shortly after initiation of the 
ineubation period, or where wide dis- 
erepancies in the D.O. determinations 
were found, the series at that particu- 
lar pH was repeated. 

For calculations of the k and L 
values, the method described by Moore 
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et al. (9), was used. Duration of the 
lag period was determined by plotting 
the B.O.D. curve. After oxygen de- 
pletion was established, a tangent to 
the curve at the point of intersection 
with the abscissa at zero time was used 
to locate the initial time for rate cal- 
culations. The remaining observed 
B.O.D. values were used to calculate 
the rate (k) and first stage B.O.D. 
limit (Z) on the appropriate graph 
for the moments method. Moments 
method curves for various time se- 
quences have been drawn up by 
Kramer (7), and these were used for 
interpolation of data and determina- 
tion of k and L values. 


Results 


It was noted that in other experi- 
ments where more concentrated nutri- 
ents and larger amounts of inoculum 
are used, the pH at the end of the 
experiment might be quite different 
from that at the beginning. In most 
eases in the present experiment, the 
pH levels remained constant through- 
out the 10-day incubation period. At 
pH levels 2.9 and 9.5, a lag period 
ranging from one to four days was 
observed. Where fungus growth oc- 
curred, the lag period was shorter than 
that for sewage seeds. 

Average 2-, 4-, 6-, 8-, and 10-day 
B.O.D. values for the fungi tested 
at the several pH levels are presented 
in Table II. Figures 1, 2, 3, 4 and 5 
illustrate the minimum, average and 
maximum B.O.D. values of each type 
of inoculum for each pH level. In 
separate experiments, individual spe- 
cies of fungi demonstrated three types 
of growth rate. In a complete medium, 
with organic sources of nitrogen, and 
with major and minor elements and 
vitamins, M. heteromorphum took 8 
days to reach maximum development, 
while G. candidum took only two days 
and the other species listed previously 
took three to four days. In the sub- 
optimum conditions for fungus growth 
in the B.O.D. bottle with only minimal 
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amounts of macromineral elements, 
and with only glucose and glutamic 
acid in weak solution as carbon and 
nitrogen sources, G. candidum never 
was as active in the use of dissolved 
oxygen as the other fungi. 

The results for experiments at pH 
2.9 are shown in Figure 1. The average 
for each of the four types of seedings 
at this pH is given in Table II. Un- 
adjusted sewage seed showed a slightly 
longer lag period than seed acclimated 
to pH 3.0 during settling. In one case 
this lag period was of such a length 
that k and L values could not be caleu- 


September, 1956 


lated by the moments method or any 
supplemental variation of it. Three 
mold seeds showed appreciable lag pe- 
riods, but because of the B.O.D. values 
developed during the course of the in- 
cubation period the moments method 
could not be used without supple- 
mentation in caleulating & and LZ val- 
ues for two of these molds. Where 
mixed mold and sewage seeds were 
used, three mold species developed lag 
periods. Here, in two cases, moments 
method calculations gave unusually 
high, thus unsatisfactory, k and L 
values. Because fungi grow best at 


TABLE II.—Comparative B.O.D. of Fungi in Pure Culture and Various Sewage Seeds 


= 
| La B.O.D. (p.p.m.) 
Seed Pe — 7 I k 
mee, | 2-day 4-day 6-day 8-day 10-day 
pH 2.9 
Settled sewage 3.7 3 20 108 149 | 167 201 0.154 
Settled sewage, pH 3! 3.4 8 17 157 163 73 214 0.171 
Fungi? 1.7 53 96 107 118 | 128 150 | 0.205 
Mixture? 1.7 79 129 143 155 160 182 0.144 
pH 5.1 
Settled sewage 134 197 | 220 233 245 245 0.160 
Fungi” 87 123 145 138 151 151 0.160 
Mixture‘ 140 184 199 208 216 221 0.192 
pH 6.5 
Settled sewage 125 13 | 164 108 194 200 0.156 
Fungi’ 14 82 97 109 112 127 0.102 
Mixture* 126 150 176 187 186 1 O22 
pH 7.2 
Settled sewage 132 190 207 224 233 242 | 0.191 
Fungi’ 54 83 99 113 118 129 | 0.149 
Mixture* 139 185 201 218 228 230 0.192 
pH 9.5 
Settled sewage 1.6 31 119 | 149 | 168 172 166 | 0.145 
Fungi* - | - 
Mixture‘ 51 144 178 190 206 225 0.138 
1 Acclimated at pH 3. 
2 Pure culture. 
3 Mixture of fungi and settled sewage seed acclimated at pH 3. 


4 Mixture of fungi and settled sewage. 
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FIGURE 1.—B.0.D. in experiments with 9 mold seeds in a dilute nutrient solution 


adjusted to pH 2.9. 
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FIGURE 2.—B.0.D. in experiments with 8 mold seeds in a dilute nutrient solution 
adjusted to pH 5.1. 


low pH levels, the more rapid use of 
dissolved oxygen in the initial periods 
of the incubation was expected. When 
mixed mold and seeds were 
used, the more rapid utilization of dis- 
solved oxygen was attributed partly to 
the use by fungi of nutrients added in 
the sewage seed conditioned to a low 


pH. 


sewage 


At pH 5.1 and 7.2, sewage seed ac- 
tivity more nearly approximated that 
expected. These samples showed little 
difference in activity rates, and there- 
fore no effort has been made to corre- 
late these small fluctuations with date 
of collection or with types of domestic 
wastes such as laundry water in the 
sewage. 
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Mold seeds at pH 5.1 (Figure 2 and 
Table [1) showed greater activity than 
at pH 7.2 (Figure 3 and Table II). 
At pH 5.1, activity of fungi is ap- 
proximately 0.4 to 0.6 that of sewage 
seed as indicated by the 10-day B.O.D. 
values, although the rates at which 
this activity is attained are quite vari- 
able. At pH 7.2, the amount of fungus 
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activity, compared with that of sewage 
seed, was approximately 0.3 to 0.5 as 
indicated by 10-day B.O.D. values. 
Again G. candidum was less active 
than the other fungi tested. At pH 
5.1, mixtures of fungus and sewage 
seeds were almost as active in removal 
of dissolved oxygen as was sewage seed 
alone. At pH 7.2, activity of mixed 
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FIGURE 3.—B.O.D. in experiments with 10 mold seeds in a dilute nutrient solution 
adjusted to pH 7.2. 
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seeds was more erratic than at pH 
5.1, since some produced higher 10- 
day B.O.D. values, others lower. In 
two cases, at pH 5.1, &k and L values 
could not be computed using the mo- 
ments method or supplements of it, 
because the values to be used in enter- 
ing the charts were either too high or 
too low. 

In one instance dilution water was 
unbuffered in setting up the experi- 
ment (Figure 4 and Table Il). Here 
the pH of the experiment was 6.5 in 
most cases. Except for slightly lower 
values for the activity of the mold 
seed as indicated by the 10-day B.O.D 
value, there little difference be- 
tween this experiment and the series 
carried out at pH 7.2. 

Sewage seed reacted more slowly at 
pH 9.5 (Figure 5 and Table II) than 
at the other pH levels, but the time 
lag was less than two days. Mold seed 
produced in broth cultures at pH 9.0 


was 
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and pH 6.0 showed no appreciable ac- 
tivity in B.O.D. development. On the 
other hand, when mold seed was added 
to sewage seed the resulting activity at 
pH 9.5 exceeded that of the sewage 
seed and approached the activity of 
mixed seed at pH 5.1 and 7.2. Even 
here there was a lag of 1 to 1.5 days 
before activity became evident. To 
compute k and ZL values for this phase 
of the experiment, supplemental mo- 
ments method techniques were neces- 
sary. 
Discussion 

In the microbiology of sewage treat 
ment and polluted waters, the roles of 
bacteria, protozoans and algae in the 
purification process have been empha- 
sized. Until recently little attention 
has been paid to the activity of fungus 
populations of such habitats. Certain 
obvious species of fungi have been men- 
tioned in the literature, but these have 
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FIGURE 5.—B.O.D. in experiments with 8 mold seeds in a dilute nutrient solution 


been considered more as nuisances than 
as beneficial contributors to purifica- 
tion processes. 

Fungi require carbon and nitrogen, 
as well as a number of metallic ions, 
in their metabolism. Because nitrogen 
is used in elaboration of protoplasm 
and cell wall material, its presence in 
a readily available form is critical for 
fungus growth. The B.O.D. test me- 
dium made up of dilution water, glu- 
cose and glutamic acid was designed to 
promote growth in dilute media of as 
many as possible of the organisms 
present in sewage. Minimal levels of 


adjusted to pH 9.5. 


nitrogen have been observed in few 
studies set up to determine the type 
of nitrogen used to best advantage by 
fungi; the media used may have con- 
tained as much as 500 p.p.m. nitrogen 
or more. Stock culture media, based 
on the soy hydrolysate, phytone, in 
which at least 15 types of amino acids 
are present, has at least 490 p.p.m. 
nitrogen, as did the medium in which 
the bulk inocula used in this experi- 
ment were produced. It is of interest, 
therefore, that in the B.O.D. bottles 
in which the seeded dilution water 
and nutrient medium solution was in- 
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cubated, only 0.28 p.p.m. nitrogen was 
present as the sole nitrogen source for 
the 125,000 to 625,000 mold cells used 
as inoculum. In all tests these cells 
remained viable and in most they pro- 
dueed growth 

When 


mold 


used alone in pure culture, 
able to start active 
use of dissolved oxygen within the first 
2-day B.O.D. period at pH levels of 2.9, 
5.1 and 7.2. The inactivity of molds 
at pH 9.5 indicates that the strains 
used were unable to grow alone under 
the conditions of the experiment or 
were inhibited by the concentration of 
boron in the buffer. 

Of the fungal strains studied, only 
two were able to produce growth in 
nutrient broth at pH 9.0; these two 
were incapable of growth under the 
conditions of the B.O.D. experiment. 
but the organisms were still viable at 
the end of the 10-day ineubation pe- 
riod, as shown by growth on agar 
plates. Except at pH 9.5, all pure 
mold cultures showed visible growth in 
the form of grey streamers in the pres 
ence of glucose and glutamic acid, and 
in all mixtures of molds and sewage 
seeds, growth evident within 
two to four days of initiation of the 
experiment and continued evident 
through the 10-day period. That 
B.O.D. at pH 9.5 was not attributable 
to B.O.D. exerted by dead tissues was 
indicated by growth of pure cultures 
of the inoculated organisms. The iso- 
lation of molds from white water sam- 
ples indicates that strains of certain 
species have become acclimated to con 
ditions of high pH, or that conditions 
of high pH have not killed spores and 
other disseminules which were present 
normally or accidentally under such 


seeds were 


became 


conditions 

Results of tests on mold cultures 
showed that the I,-KI solution added 
to the incubation trays at two-day in- 
tervals effectively suppressed bacterial 
growth. On some oceasions, bacteria 
developed in the B.O.D. bottles at the 
end of 8 or 10 days, but in quantities 
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small enough so that the results were 
apparently not affected by their pres- 
enee. If bacterial growth of more than 
100,000 colonies per milliliter was ob- 
tained, it was considered to be con- 
tributing to the depletion of the dis- 
solved oxygen. Demonstration of large 
numbers of bacteria in ‘‘pure culture 
mold seed’’ bottles called for repetition 
of the experiment. Mold growth, based 
on plating techniques, was recorded as 
coded quantities. Many species of 
molds do not sporulate freely in liquid 
enlture, so that when mold growth oe- 
curred as masses of mycelium in the 
B.O.D. bottles an plate 
would appear to show no growth al- 
though visible growth was observed in 
the bottle. Plating of mold and bac- 
terial samples further indicated the 
viability of the cultures being tested. 

Several 


oceasional 


studied 
the ability of various microorganisms 
in pure culture 


investigators have 


and in combinations 


to oxidize organic materials. Butter- 
field and Purdy (2) measured the 
oxygen-depleting capacities of Bac- 


terium aerogenes and the ciliated pro- 
tozoan Colpidium sp. in pure cultures 
and in mixtures, and compared the 
findings with those of mixed bacterial 
cultures, of mixed bacterial eultures 
and Colpidium, and of normal biota 
(bacteria and plankton) in river wa- 
ter. They found that the Colpidium 
eulture would not grow alone in a di- 
lute medium but did grow well when 
500 to 5,000 mg. of dextrose and pep- 
tone were used per liter in the absence 
of bacteria. The culture of B. aero- 


genes gave an oxygen depletion of 
only 37.8 per cent of that of ‘‘all 


bacteria and plankton in river water,”’ 
while a mixed bacterial culture which 
was plankton-free gave 57.3 per cent, 
a mixture of B. aerogenes and Colpi- 
dium gave 70.7 per cent, and a mixed 
culture of bacteria with Colpidium 
gave 78.0 per cent. Other pure cul- 
tures of bacteria gave results similar 
to those for B. aerogenes, while other 
protozoans used in mixtures gave re- 
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i 
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sults similar to the mixtures of bac- 
teria and Colpidium. 
Sewage seeds alone were most active 


at pH 7.2 as was expected. No lag 
period was demonstrated at pH 5.1, 
and the amount and rate of activity 
were similar to those at pH 7.2. At pH 
2.9, sewage seed demonstrated a lag of 
2 to 4 days before starting to use dis- 
solved oxygen, but, on the average, by 
the end of 10 days the activity had 
increased to about 0.8 that of sewages 
at pH 5.1 and 7.2. At pH 9.5, the 
lag period was only 1 to 2 days, al- 
though at the end of 10 days activity 
had developed only to about 0.6 of that 
of sewages at pH 5.1 and 7.2. 

When mold seeds and sewage seeds 
were mixed, other nutritional factors 
became operative. In addition to the 
glucose and glutamic acid of the ex- 
periment, the molds received various 
nutrients from the dilute sewage which 
was added. Through secretion of exo- 
enzymes, molds may be able to utilize 
some of the sewage organisms as food, 
while some of the sewage organisms 
may be able to prey on the mold seed. 
On the average, the 10-day B.O.D. of 
mixed mold seed and sewage seed was 
lower at pH 2.9, 5.1 and 7.2 than that 
of sewage seed alone. The same can 
be said of the L values, which, how- 
ever, were higher than that of mold 
seed alone. At pH 9.5 the addition of 
mold seed to sewage seed sped up the 
process of utilization of dissolved oxy- 
gen to the extent that the mixture 
used more dissolved oxygen than the 
sewage seed alone, while the mold seed 
alone used an insignificant amount of 
dissolved oxygen. 

The ultimate B.O.D. of the glucose 
and glutamie acid solution in the pres- 
ence of mold seeds, sewage seeds, or 
combinations varied with pH, depend- 
ing on the inoculum or seed used. The 
rate at which this demand was exerted 
fell within the range of rates to be 
expected from river water. The de- 
mand values could be determined in 
101 of the series of B.O.D. tests re- 
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ported. They could not be determined 
for the 8 mold seeds at pH 9.5 because 
insufficient activity occurred. They 
could not be determined for 8 of the 
other B.O.D. series because values for 
entering moments method curves based 
on either method of calculation de- 
scribed previously were either too high 
or too low. Other methods of calcu- 
lating k and L values may be applied, 
but were not used in these studies be- 
cause insufficient replicate experiments 
were completed for critical evaluation 
of the values. 


Summary 


When compared to the results of 
Butterfield and Purdy (2), it appears 
that the oxygen-depleting capacities of 
fungi used in this work equal or ex- 
ceed those of B. aerogenes and other 
bacteria in pure culture at pH 7.2. 
Fungus activity in pure culture in- 
creased as the reaction of the medium 
became more acid and decreased as it 
became more basic. When used in 
mixed culture with 24- or 48-hr. set- 
tled sewage, fungi usually gave lower 
B.O.D. values than the sewage seed 
alone, except that at pH 9.5 higher 
values were given. 

By themselves, mold seeds produced 
in most cases a lower B.O.D. than did 
sewage seeds alone or mixtures of 
mold seed and sewage seed. Results 
indicate that with only molds sig- 
nificant reductions in dissolved oxygen 
can be achieved in the first four days 
of incubation at pH 2.9, while the 
greatest reduction with sewage seeds 
alone occurs at pH 5.1 and 7.2. This 
can be attributed to the fact that molds 
in general are more tolerant of low 
pH levels than are most other organ- 
isms found in sewage. 

The strains of fungi tested are able 
to compete successfully with other 
microorganisms for organic materials 
in solution and for oxygen available in 
the dissolved state. 
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A TWO-POINT METHOD FOR ESTIMATION OF 
FIRST-STAGE B.O.D. 


By G. A. RHAME 
Water Pollution Control Engineer, Water Pollution Control Authority, Columbia, 8. C. 


Since the discovery of the concept 
of the B.O.D. of sewage and industrial 
wastes and its relation to the mono- 
molecular formula much effort has 
been devoted to the problem of the 
evaluation of the constants of the 
equation. Several ingenious and 
mathematically valid procedures have 
been presented as solutions to the 
problem (1) (2) (3) (4) (5) (6). 

It is generally conceded that a knowl- 
edge of the value of the B.O.D. con- 
stants would be invaluable to people 
concerned with the design and opera- 
tion of waste treatment works and the 
estimation of effluent quality require- 
ments for ultimate disposal into receiv- 
ing streams. However, the methods 
previously available involve such com- 
plicated mathematical procedures and 
voluminous laboratory work as to con- 
siderably reduce their general useful- 
ness. This situation arises from the 
fact that most of the listed methods 
try to define the complete course of the 
B.0.D. reaction. The monomolecular 
formula fits a single curve, while in 
actual practice it has been found that 
the observed points often fit a curve 
consisting of two or three well-defined 
sections of different slopes correspond- 
ing to what are known as the lag, car- 
bonaceous, and nitrification phases of 
reaction. 

Eliassen (7) pointed out some years 
ago the fact that carbonaceous or first- 
stage B.O.D. is generally of the great- 
est importance in connection with the 
effect of wastes on receiving waters, 
and in many aspects of waste treat- 
ment, because the materials entering 
the reaction in this phase are much 


more readily and rapidly oxidized than 
those involved in the nitrification phase. 
Accordingly, the first-stage demand has 
received a large share of attention from 
investigators and has been the load fac- 
tor used in most methods of estimating 
the effects of waste on the dissolved 
oxygen of a receiving stream. 

During an earlier investigation (8) 
the author presented a_ simplified 
method of calculating the constants of 


TABLE I.—Calculated Values of L and k by 
Eqs. 1 and 2, Using Monomolecular Values 
of y When L = 100 and k = 0.1 


0.5 1.0 | 10.87 20.47 | 93.04 | 0.107 
1.0 2.0 | 20.47 | 36.71 | 103.98 | 0.097 
1.5 3.0 | 29.22 | 49.87 | 99.63 | 0.102 
2.0 | 4.0 | 36.91 | 60.19 | 100.04 | 0.095 
3.0 6.0 | 49.87 | 74.88 | 99.99 | 0.099 
4.0 8.0 | 60.19 | 84.15 | 100.01 | 0.099 
5.0 | 10.0 | 68.37 | 90.00 | 100.00 | 0.099 
6.0 | 12.0 | 74.88 | 93.69 | 100.00 | 0.099 
7.0 | 14.0 | 80.05 | 96.02 | 100.00 | 0.099 
8.0 | 16.0 | 84.15 | 97.49 | 100.00 | 0.100 
9.0 | 18.0 | 87.41 | 98.42 | 100.00 | 0.099 
10.0 | 20.0 | 90.00 | 99.00 100.00 | 0.100 


the monomolecular curve. This paper 
is an attempt to validate it and extend 
its usefulness. The equations originally 
presented were derived empirically and 
of limited application; however, they 
are algebraically valid and reduce to 
the following forms: 


(1) 


XxX 
k= log Z-xX (2) 
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ans 
r9 


LOSS 


in which 


X = dilution B.O.D. at ¢ days; 

Z = dilution B.O.D. at T days; 

T=2t 

That 
compatible 
formula 


these equations give results 
with the 


is shown in 


monomolecular 
Table I, which 
shows that for greatest accuracy one 
should use long time intervals such as 
7 and 14 days. They also show that 
3-day and 6-day results are accurate 
enough for most that in- 
terval was generally used in this work. 


purposes ; 
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Immediately there arises a funda- 
mental objection to a two-point eal- 
culation of this type. There are an 
infinite number of related values of k 
and I which will give identical values 
of Y in the monomolecular equation. 
Likewise, in Eqs. 1 and 2 there are an 
infinite number of related values of XY 
and Z which will give identical values 
of L and k. This is shown graphically 
in Figures 1 and 2. 

To check the usefulness of this cal- 
culation the following procedures are 
used : 


Values of X 


50 60 70 


80 x 100 


Values of Z 
FIGURE 1.—Relation between X¥ and Z in L = X*/(2X — Z) when L = 100. 


Re 

= | 

90 

80 

| 70 

60 

Exe 

50 
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Values of k 


FIGURE 2.—Relation between k and L in L = y/(1 — 10-*) 
when y = 100, ¢ = 5. 


1. Dilution B.O.D. was measured for 
intervals of 3, 5, and 6 days. 

2. Three-day and 6-day B.O.D. 
values were used to calculate k and L 
by Eqs. 1 and 2. 

3. Results of step 2 were entered in 
the monomolecular formula to calculate 
the 5-day B.O.D. This value was com- 
pared with the observed 5-day B.O.D. 


As shown in Table II and III, the 
relation between observed and eal- 
culated 5-day B.O.D. was too close and 
consistent to be a matter of chance. 
The resulting values of k and L appear 
to be the true monomolecular values 
existing in the sample being tested. 

An attempt was made to find pub- 
lished data from other investigations 
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Seis 3-Day 5-Day Calc. 5-Day 6-Day | k Cale. Ult, Ult. B.O.D. 
B.O.D. B.O.D. B.O.D | B.O.D. B.O.D. by O.C. Test 
1 75 117 — | 155 — — 173 

80 110 108.8 115 0.10 160 167 
80 110 — 120 — —_ 156 
2 72 95 96 107 0.086 153 164 
66 93 1007 | — 169 


90.0 


170 

| 110 123 169 

133 183 — 

6 | 80 103 -~- 
82 97 107 

| 80 107 — 

Avg. | — 109 109 


0.094 136 


0.120 146 


193 228 
180 0.122 223 234 
190 226 
117 | 142 
110 0.111 149 138 
120 140 

= 0.106 157 164 


1 All medians used for calculations. All samples from Fort Jackson sewage treatment plant. 


Abstracted from Ref. 8; values in p.p.m. 


which could be used for comparative 
calculations. The search was not too 
fruitful, but the data which could be 
used are given in Table IV. These 
data emphasize the fact that since the 
formulation is truly monomolecular 
the lag phase must be eliminated in the 
B.O.D. determinations. 

The data (Table V) published by 
Orford and Ingram (6) permit some 
interesting caleulations, as given in 
Table VI. It should be noted that care- 
ful examination of the plot of the data 
of Table V shows a slight nitrification 
bump at about 10 to 14 days. The 
authors do not state that the samples 
were seeded. 

The smaller variation in L values cal- 
culated in Table VI by the proposed 
method indicates a lesser influence 
from a lag period in the B.O.D. incuba- 
tion. The range of values clearly in- 
dicates the necessity of being sure that 
lag periods are eliminated. 

An interesting example of the use of 
this calculation in connection with the 
‘*jug dilution method’’ of Orford, 
Rand and Gellman (9) was performed 


in the summer of 1953. The jug 
method gave results which plotted well 
so that, although D.O. tests were made 
at the author’s convenience, it was easy 
to interpolate to desired intervals. The 
results are given in Table VII. 

The whole test program worked out 
convincingly, the manipulations being 
easily managed. Note, however, the 
relations between caleulated L and 
the dichromate demand. This suggests 
that Kaufman’s (10) relation between 
B.O.D., C.0.D., and degree of treat- 
ment before testing may have some ap- 
plication in estimating the degree of 
stabilization in a river, although results 
in this case may have been influenced 
by the muddiness of sample (2). 


Test Procedures 


1. Samples should be seeded with 
strong settled sewage if there is any 
possibility that a considerable lag pe- 
riod may occur. This applies to fresh 
sewage as well as industrial wastes. 

2. Weak sewages, effluents, etc., should 
be treated by the Sawyer and Bradney 
method (11) to suppress nutrification. 
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TABLE IIl.—Raw Sewage"? 
(Dilution method samples seeded with primary effluent. O.C. samples strained.) 


eau 3-Da Cale. 5-Day| 5-Da 5-Da 6-Da Cale. Ult. | Ult. B.O.D. 
B.O.D. B.O.D. B.O.D. B.O.D. B.O.D. tB.0.D. | by O.C. Test 


1 173 
Ft. J. 190 
163 


205 240 — 256 
190 210 222 248 
210 — 250 
290 340 394 
400 372 
350 - 


250 
240 


828 888 888 B88 


8288 828 


8 


293 


1 All medians. 
* Abstracted from Ref. 8; values in p.p.m. 
Non-seeded samples. 


TABLE IV.—Calculations on Data from Various References 


Published Data New Calculations 


y | 5-Da 5-Da 
B.0.D. B.O.D. B.O.D. 
-) |(p.p.m,) | (p.p.m.) (p.p.m.) 


1.88 {2.11 |0.1025 | 2. 0.1438 | 2.46 River water 
2.74 |3.01 |0.0956/ 4. 0.0989 | 4.04 ; ‘ River water 
145.0 | 171.07 | 0.095 .0|0.144 | 198.0 
176.0 | 192.0 | 0.193 .0 0.197 | 205.0 — 
80.0? | 106.0 | 0.140 .4|0.061 | 186.0 Not seeded 
99.0? | 104.0 |0.178 510.176 | 114.0 y . Seeded 
155.0 | 165.0? | 0.095 .0|0.165 | 183.8 


' Calculated from published data by monomolecular formula. 
* Interpolated from graph. 
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2 
Ft. J. 235 238 240 0.413 241 232 ®, = 
227 ~ 190 200 252 
4 235 330 300 300 
Ft. J. 250 288 300 | 200 | 0.201 | 320 328 a 
240 290 | 300 328 
5 190 130 350 242 
Ft. J. 176 267 160 220 | 0.108 362 268 Claes 
205 140 280 258 
6 300 — 340 | 430 568 
Greenw’d. | 350 407 350 540 | 0.170 | 473 568 a 
7 225 270 | 340 | — — 370 
: Ft. J. 250 325 290 400 0.148 397 370 Bors, F 
250 — 300 310 370 
250 370 320 — 360 
Ft. J. 270 296 280 320 | 0.227 | 319 380 aes 
265 = 320 300 372 
Avg. = 303 | 268 — | 0.209 | 338 337 
Cale. | Observ eae 
Ref. BOD. | Remarks 
B.0.1 | Ons.) (p.p.m.) 
(p-p.mi 
5 | 1.54 | 
5 | 2.00? | 
2 | 125.0} 
4 | 153.0 | es 
1 | 64.07 | 
1 | 80.07 | 
4 | 125.0 | 
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When re-seeding, care should be taken 
== to use a strong settled sewage lest the 


Time | B.O.D. Time B.O.D. seed undo the effect of the preliminary 
(days) | (p.p.m.) (days) (p.p.m.) 
| 45 ) 123 3. Dilutions may be made in stand- 
% | 65.4 10 125 ard bottles or jugs. If bottles are used, 
they should be prepared in triplicates 
5 | 100 13 136 at least of identical dilution ratio, and 
6 | 108.5 14 137 the median value used for calculations. 
7 | 114 16 139 4. B.O.D. tests are made at 3 and 6 
8 } 9 18 140 days, with a 4- or 5-day test for check 


purposes if desired. Caleulate k and 


‘From Ref. 6. i, by Kas. 1 and 2. 


TABLE VI.—Calculated Values of k and L by Two-Point Method and by 
Monomolecular Calculations of Orford and Ingram 


Two-Point Method Monomolecular! 
| 
Gay) | L BOD? @rm)| k L BOD! ppm.) 
1&2 | 0.35 83 — — — acu _ 
2&4 | 0.199 110 109 3 0.286 92 | 91.6 
3&6 | 0.149 124 102 5 | 0.216 107 106 
4&8 | 0.128 131 101 7 0.183 116 | 102 
5&10 | 0.120 133 100 10 0.155 135 | 112 
6&12 | 0.108 140 — | 
7&14 | 0.099 143 97 14 | 0.130 135 105 
8&16 | 0.097 143 — — | — - | — 
0.096 


2 Observed B.O.D., 100 p.p.m. 


TABLE VII.—Summary of 1953 
Jug Method Results 


a 1. The procedure given makes pos- 
5 


Conclusions 


: | Test Test sible the calculation of B.O.D. curve 
No. 1 | No, 2 
constants from a relatively small 
River flow (c.f.s.) 36 | 86 amount of work in the laboratory and 
River condition Colored | Muddy = a¢ the ecaleulator. Results compare 
B.O.D., 3-day (p.p.m.) 58.0 28.5 
B.O.D., 6-day (p.p.m.) 102.7 38.8 favorably with those of more extended 
L, eale. (p.p.m.) 253 44.6 methods. 
9.147 2. Laboratory work must be arranged 
VU. + o-day, calc. 
(p.p.m.) 89.1 36.4 so that complications resulting from 
B.O.D., 5-day, obs. lag and nitrification phases of the 
90.5 $6.1 B.O.D. reaction are eliminated. The 
shromateoxy ge 
mand (p.p.m.) 262 | 206 test procedure given should be used 
Length of run (days) 20 i frequently, especially with industrial 
T sasured de- 
173 | 40.5 wastes which sometimes have a curve 
| 40. 


which fit no formulation. 


2 

1 Ref. 6. 
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In general, sanitary engineers are 
satisfied with their careers and engi- 
neering practice but they are troubled 
and confused about problems of em- 
ployer-employee relationships, income, 
incentives, and professional recogni- 


tion. These conclusions were drawn 
from a survey * of engineer members 
of the Sanitary Engineering Division, 
American Society of Civil Engineers. 

More than one-third of the engineers 
replying reported dissatisfaction with 
their salaries. Sanitary engineering 
employees in general do not enjoy re- 
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warding salaries. During a period of 
35 years the average increase in salary 
for the sanitary engineer employee ap- 
pears to be from $4,100 to $11,000. 
Others, particularly employers, enjoy 
higher salaries. 

Nearly one-fourth were not satisfied 
with ‘‘professional recognition,’’ al- 
though two out of three engineers were 
registered. 

Nearly one-half of those reporting 
were employed by federal, state or 
local government and 40 per cent by 
consulting engineer firms. One-third 
were engaged in technical design, one- 
fifth each in management and public 
health, and fewer than 2 per cent in 
research. 
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The objective of this study was to 
evaluate the effectiveness of artificial 
sewage treatment processes and nat- 
ural self-purification in streams in re- 
ducing the number of tubercle bacilli. 
The study embraced four phases: (a) 
oceurrence of tubercle bacilli in sana- 
torium sewage and in streams below 
points of sewage discharge, (b) the 
effect of sewage treatment facilities at 
sanatoria on the number of tubercle 
bacilli in the effluent, (c) the effect of 
sewage treatment under laboratory 
conditions on the tubercle bacilli, and 
(d) survival of tubercle bacilli in sur- 
face waters under laboratory condi- 
tions. 

It was first necessary to assess the 
number of tubercle bacilli present in 
sewage coming from sanatoria. Four 
sanatoria were selected and their treat- 
ment facilities studied in respect to 
their effectiveness in reducing the num- 
ber of tubercle bacilli. It was neces- 
sary also to study other treatment 
processes with artificial inoculation of 
the sewage, and the influence of stream 
self-purification both under laboratory 
conditions. 

In the enumeration of tubercle 
bacilli, one of the following two meth- 
ods was used: (a) pretreatment by 
chlorination or (b) pretreatment by 
Bradosol. Both of these methods were 
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deseribed earlier (3). The particular 
method used is indicated in each ease. 


Results 
Plant Studies 


Raw sewage from three different 
munipicalities was examined for the 
presence of tubercle bacilli by the 
Bradosol method. In each case, the 
test was negative in 1 ml. portions of 
the samples. However, the number of 
tubercle bacilli in the raw sewage at 
four different sanatoria ranged from a 
low of 425 to a high of 10,000 per 
milliliter (Table I). 

Samples were taken from three of 
these same sanatoria to show the effect 
of various stages of the treatment proc- 
esses on the number of tubercle bacilli. 
The results are assembled in Table IT. 
At Plant A, primary settling gave a 
50 per cent reduction in tubercle 
bacilli, and secondary treatment by 
trickling filters and secondary settling 
gave a reduction of about 70 per cent. 

The results from Plant B were sim- 
ilar to those obtained from Plant A, 
namely, that neither primary nor even 
secondary treatment gave effective re- 
ductions of the tubercle bacilli. Re- 
ductions obtained were 54 per cent by 
primary treatment and 66 per cent by 
primary and secondary treatment to- 
gether. 

The results from Plant C are of in- 
terest because they show that septic 
tanks were not effective in removing 
tubercle bacilli but that intermittent 
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TABLE I.—Number of Tubercle Bacilli 
in Sanatoria Sewage 


Sana- Enumeration 
torium Dilution Method 


SURVIVAL OF TUBERCLE BACILLI. II. 


Chlorine 
Chlorine 
Bradosol 
Chlorine 
Chlorine 


1-100 
1-10 
1-10 
1-100 
D 1-100 


1 Particular dilution from which the counts 
were obtained. 


slow sand filters removed all the tu- 
bercle bacilli in 1: 100 dilution. Un- 
fortunately, no determinations were 
made to detect the presence of the 
bacilli in a 1 ml. sample of the un- 
diluted effluent. 


Chlorination 


Results of some earlier experiments 
(3) on the chlorination of sewage for 
the purpose of eliminating the sapro- 
phytic bacteria from polluted waters 
indicated that 1 p.p.m. of residual chlo- 


rine after 30 min. contact time ef- 
fectively achieved this purpose without 
having a significant effect on the num- 
ber of tubercle bacilli. It seemed pos- 
sible, therefore, to use chlorination for 
pretreatment to eliminate the sapro- 
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phytic bacteria which would interfere 
with the enumeration of tubercle 
bacilli, On the basis of these results, 
1 p.p.m. residual chlorine evidently 
does not effectively disinfect sewage 
containing tubercle bacilli. Additional 
work on the effect of chlorine in disin- 
fecting sewage containing tubercle 
bacilli is reported here in the form of 
evidence from both treatment plant 
and laboratory tests. 

Two sanitoria plants of the trickling 
filter type (A and B) practiced chlo- 
rination of the final effluent before 
discharge. Samples were taken of the 
secondary settling tank effluent, and 
the final effluent from the chlorine con- 
tact tank. The results given in Table 
III show that secondary effluents can 
be effectively disinfected with residual 
chlorine of 1.0 p.p.m. or less. 

The effect of chlorine on the destruc- 
tion of tubercle bacilli was studied 
further under laboratory conditions. 
To eliminate the possible interference 
of saprophytic organisms in the sewage 
on the enumeration of tubercle bacilli, 
sewage from which the coarser solids 
were removed by filtration through 
glass wool was sterilized by ultraviolet 
radiation and inoculated with a cul- 
ture of tubercle bacilli to give an ini- 


TABLE Il.—Effect of Treatment of Sewage at Sanatoria on the Number of Tubercle Bacilli 


Sampling Point 


Enumeration 


flethod Dilution! 


Plant A: 
Raw sewage 
Primary effi. 
Trickling filter effi. 
Secondary effi. 


Plant B: 
Raw sewage 
Primary effi. 
Raw sewage 
Secondary effi. 


Plant C: 
Raw sewage 
Septic tank effi. 
Slow sand filter effi. 


Chlorine 
Chlorine 
Chlorine 
Chlorine 


1:10 & 1:100 
1:10 & 1:100 
1:10 & 1:100 
1:10 & 1:100 


Bradosol 
Bradosol 
Chlorine 
Chlorine 


no dil. 
no dil. 
1:10 
1:10 


Chlorine 
Chlorine 
Chlorine 


1:100 
1:100 
1:100 


1 Dilution from which enumeration was made. 


i pl 
Tubercle 
(per ml.) 
2,200 
10,000 
2 
Tubercle 
— Bact 
N (per ml.) 
2,900 
1,500 
1,000 
425 
2,200 
750 
4,100 
2,600 
0 4 
a 


L096 


SEWAGE AND INDUSTRIAL WASTES 


September, 1956 


TABLE IIl.—Effect of Chlorination of Plant Effluents 


7 
| 
| 


| 


Settle d from trickling filters 
After chlorination and 30 min. 
Settled from trickling filters 
After chlorination and 30 min. 


Chlorine Tubercle 
——— Dilution! Residual Bacilli 
(p.p.m.) | (per ml. 
| | 
| Bradosol | None 7 
contact time?! Bradosol None 
| Bradosol | None 
contact time?| Bradosol None 


1 Dilution from which enumerations were made. 


? Theoretical contact time on the basis of design. 


tial count of 4,340 per milliliter. Por- 
tions of this sewage were subjected to 
various dosages of chlorine which after 
30 and 60 min. contact time gave chlo- 
rine residuals of 1, 2, 3 and 4 p.p.m. 
as measured by the orthotolidine test. 
At the end of the specified contact time 
the residuals were destroyed by the ad- 
dition of sodium sulfite. The surviving 
tubercle bacilli were then determined. 

The results given in Table IV show 
that a chlorine residual of 1.0 p.p.m. 
after 30 min. contact time had little 
effect on the number of the tubercle 
bacilli. Although the effect of 2.0 
p.p.m. with the same contact time was 
greater, it was not of a magnitude 
sufficient to be considered effective dis- 
infection. Effective disinfection was 
obtained only with 3.0 p.p.m. residual 
chlorine. If the contact time is in- 
creased to 1 hr., however, an effluent 


TABLE IV.—Effect of Chlorination of Sewage ' 
on the Survival of Tubercle Bacilli 


| Tubercle Bacilli 

| (per liter) 
Chlorine 
Residuals? 
(p.p.m.) 


Contact Time (min.) 


3, 820 


ultraviolet radiation 


1 Sewage 
and artificially infected with tubercle bacilli to 
give an initial] number of 4,340 per milliliter. 

? Orthotolidine method. 

’Counts obtained from 0.1 ml. 
sewage; all others from 1 ml. samples. 


sterilized by 


of original 


without any tubercle bacilli is obtained 
even with 1.0 p.p.m. residual chlorine. 
The dosage of chlorine required to give 
a residual after 1 hr. contact was 
higher than would be required for the 
same residual after only 30 min. con- 
tact time. 

There is an apparent discrepancy 
between the results obtained from the 
treatment plants and those obtained 
under laboratory conditions. Ap- 
parently a 1.0 p.p.m. chlorine residual 
after 30 min. contact results in effec- 
tive disinfection under plant condi- 
tions but not under laboratory condi- 
tions. Conditions, however, varied in 
these situations. Plant results, for 
example, were obtained with effluents 
subjected to trickling filter treatment 
whereas the laboratory results were ob- 
tained with sewage from which only 
the coarser solids had been removed. 
The actual contact time existing at the 
plants is also questionable because con- 
tact times reported are on the basis of 
design. If the flow during the period 
when the samples were taken happened 
to be lower than the flow assumed for 
design purposes, the contact time 
would be longer and thus explain why 
the effectiveness of chlorine residuals 
under plant conditions was greater 
than in the laboratory. 


Chemical Treatment 


Sinee none of the sanatoria sewage 
treatment plants had chemical treat- 
ment units, it was necessary to evaluate 
the effectiveness of this method in the 
removal of tubercle bacilli only under 
laboratory conditions. Accordingly, 
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samples of sewage which had been 
filtered through glass wool were inocu- 
lated with a suspension of tubercle 
bacilli. One was dosed with 30 p.p.m. 
and the other with 45 p.p.m. of iron 
in the form of ferrie chloride. The 
mixtures, including the control, were 
flocculated for 30 min. mechanically 
and settled for 1 hr. 

The results given in Table V show 
that coagulation removes tubercle 
bacilli effectively. Only two tubercle 
bacilli per milliliter remained from an 
original inoculation of 1,890 per milli- 
liter in the sewage to which was added 
45 p.p.m. of iron. During enumera- 
tion, no attempt was made to deter- 
mine whether the organisms were sim- 
ply transferred from the sewage to the 
sludge phase or were, in addition, also 
destroyed. 


Activated Sludge 


The effect of activated sludge treat- 
ment on the survival of tubercle bacilli 
was also studied on a laboratory scale. 
Sewage was artificially infected with a 
culture of tubercle bacilli and mixed 
with sufficient return sludge to give a 
mixed liquor suspended solids coneen- 
tration of 2,000 p.p.m. After the mix- 
ing and 1.5, 3, 6 and 24 hr. of aeration, 
portions of the mixed liquor were set- 
tled for 30 min. The numbers of tu- 
berele bacilli, both in the supernatant 
liquor and the sludge portions, were 
determined. 

Table VI shows that after mixing 
infected sewage with activated sludge, 
there was considerable recovery of tu- 


TABLE V.—Effect of Chemical Coagulation 
with Ferric Chloride on the Number of 
Tubercle Bacilli in Raw Sewage ' 


SURVIVAL OF TUBERCLE BACILLI. II. 


Iron Added Tubercle Bacilli* Turbidity 
(p.p.m.) (per ml.) (p.p.m.) 
0 | 1,890 77 
30 80 54 


45 | 2 | il 


1 Pretreatment of sample by chlorination. 
? From 1:100 dilutions. 
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TABLE VI.—Effect of Activated Sludge 
Treatment on the Number of Tubercle 
Bacilli in Raw Sewage 


Tubercle Bacilli 
(per ml.) 
Aeration 
Item — 
. uper- 
| 
Sewage Initial — 15,830 
Sewage and acti- 
vated sludge 
mixture Initial | 6,750 | 2,940 
1.5 5,300 1,230 
3 6,550 695 
6 5,050 380 
24 3,100 345 


berele bacilli in the sludge and a de- 
crease in the supernatant liquid which 
indicated rapid transference of these 
organisms by adsorption. The number 
of bacilli in the sludge phase after this 
initial mixing period with aeration up 
to 6 hr. did not change materially, but 
in the liquid phase the number de- 
ereased regularly. The number of 
tubercle bacilli in the sludge at the end 
of 6 hr. was 13 times greater than that 
in the liquid phase, which indicated 
that their presence in the sludge phase 
was not due to the inclusion of part of 
the supernatant with the sludge, but 
was instead, an actual increase in con- 
centration of the organism in the 
sludge phase. The results further indi- 
cate that even after a 24-hr. aeration 
period the effluent contained a sub- 
stantial number of tubercle bacilli. 
The sludge can also be considered in- 
fective. 


Sludge Digestion 


The survival of tubercle bacilli dur- 
ing anaerobic digestion of sludge was 
studied by artificially infecting a mix- 
ture of fresh solids and ripe sludge (1:1 
on the basis of volatile matter) with a 
culture of tubercle bacilli. At intervals 
up to 35 days, samples were withdrawn 
and the number of tubercle bacilli de- 
termined. The course of the digestion 
was followed by determining the pH 
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TABLE VII.—Survival of Tubercle Bacilli 
During Sludge Digestion 


Digestion | | : Matter 

Period | pH | De- 
| | | Sludge 

1 |68| 85] 09 | 0.900 | 19.34 

4 |62]| 53.0] 5.6 | 0.475 | 10.20 

8 | 6.7 | 142.0 | 15.0 | 0.355 | 7.64 
11 | 6.7 | 193 | 22.0 | 0.160 | 3.44 
15 | 6.7 | 255 27.0 | 0.345 | 7.42 
18 | 69 | 323 | 34.0 | 0.190 | 4.08 
25 | 7.4 | 448 | 47.0 | 0.220 | 4.735 
35 | 7.5 | 560 | 59.0 | 0.141 | 3.035 


' Method used for counting Bradosol, counts 
made in 1:100,000 dilution. 


value, gas production, and volatile 
matter destruction. The results (Table 
VII) show that during the digestion 
process there was a substantial reduc- 
tion in the number of the tubercle 
bacilli (85 per cent) but since sub- 
stantial numbers of these organisms 
remained in the digested sludge, di- 
gestion cannot be relied upon to de- 
stroy them completely. 

Undoubtedly the number of tubercle 
bacilli remaining in the digested sludge 
was due partly to an initial higher 
level of infection than actually exists 
in raw sludge from settling tanks of 
sanatoria treatment plants. To verify 
this point, the number of tubercle 
bacilli in raw sludge from the primary 
clarifiers and in digested sludge from 
the digesters of a sanatorium plant 
were examined. These results (Table 
VIII) show the number of bacilli in 
the raw sludge at this plant to be 
9,700 per milliliter and in the digested 
sludge, 3,000 per milliliter. 


TABLE VIII.—Number of Tubercle Bacilli 
in Raw and Digested Sludges 


Tubercle Bacilli 


Samples 
| Py Gam 
Raw sludge 9,700 351,000 
Digested sludge 3,000 734,500 
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Sludge Drying 


As digested sludge is normally drawn 
upon open sludge drying beds for 
dewatering and drying, a sludge dry- 
ing bed was constructed to permit 
study of the effect of this process on 
the survival of tubercle bacilli. The 
drying bed consisted of a lucite column 
9 in. in diameter filled from bottom 
to top with coarse gravel and crushed 
stone and topped with 12 in. of fine 
sand. Over this 12 in. of digested 
sludge was poured. While the sludge 
was still liquid, it was sampled and 
again after it became tacky. The 
sludge drying unit was placed inside 
a greenhouse. The sludge used was 
that of the previous experiment at the 
end of 35 days of digestion. The re- 
sults are given in Table IX. Draining 
and drying the sludge for a period of 
25 days did not cause a substantial 
decrease in the number of tubercle 
bacilli. Sampling errors resulted in 
some erratic variations in these results. 


Survival in Surface Waters 


Attempts were made to determine 
the presence of tubercle bacilli in 
streams receiving the effluent from two 
sanatoria treatment plants (A and B) 
after treatment by trickling filters and 
chlorination. In only one instance was 
a single colony resembling tubercle 
bacillus detected from 1 ml. of water 
taken 15 yd. below the outfall. At no 
time was there a positive recovery one 
mile below the outfall. 

The survival time of tubercle bacilli 
in surface waters was studied under 
laboratory conditions. Tap _ water, 
polluted fresh water, brackish water, 


TABLE IX.—Survival of Tubercle Bacilli 
During Sludge Drying 


| 
Sampling | Drying Period | 
dry solids) 
I | 1 5.50 
II 3 2.90 
I 10 6.30 
IV 25 4.20 


— 

Site 
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TABLE X.—Survival of Tubercle Bacilli in Various Waters 


Tubercle Bacilli Remaining' (per ml.) 


Incubation Incubation 
eri Period 
(days) (hr.) 


Tubercle Bacilli Remaining* (per ml.) 


Tap Water 


Polluted Tap 
Water 


Brackish Water 


0 550,000 680,000 0 18,950 
2 335,000 460,000 1.5 9,650 5,800 
4 84,000 183,000 6 4,150 2,500 
6 57,500 114,000 24 3,400 


‘Counts made in 1:1,000 and 1:10,000 dilutions. 


2 Counts made in 1:100 and 1:10,000 dilutions. Brackish water had a chloride content of 


6,000 p.p.m. and sea water 11,000 p.p.m. 


and sea water were used. The residual 
chlorine in tap water was destroyed by 
the addition of sodium sulfite. Pol- 
luted fresh water was prepared by ad- 
ding 5 per cent of sewage to tap water. 
The brackish and sea waters, which 
contained 6,000 and 11,000 p.p.m. chlo- 
rides, respectively, were inoculated 
with a suspension of tubercle bacilli. 
The flasks were covered with cotton 
plugs and placed in a 20° C. ineubator 
for periods of time up to 6 days. 

Table X shows that the number of 
tubercle bacilli decreased in all waters 
and decreased much more rapidly in 
saline waters than in fresh waters. 
There are no significant differences in 
the rate of decrease in unpolluted and 
polluted fresh waters (89 per cent de- 
crease in tap water and 83 per cent in 
polluted water in 6 days). In brack- 
ish and sea waters, the reductions were 
82 and 85 per cent in 24 hr., respec- 
tively. Within the time limits used 
in this experiment, the tubercle bacilli 
did not disappear completely. 


Discussion 


There is much material in the litera- 
ture pertaining to the survival of tu- 
berele bacilli in artificial sewage treat- 
ment processes and under conditions of 
natural self-purification. In most of 
the studies deseribed, however, the 
samples were pretreated with strong 
chemicals, such as sodium hydroxide 
and antiformin. Since animals were 
inoculated with treated samples, the 


results are qualitative in nature. San- 
atoria surveys were made using meth- 
ods by Conroy, Conroy and Laird (2), 
Jensen and Jensen (4), Bergman and 
Vahlme (1), and Kroger and Trettin 
(5). 

Pramer, Heukelekian and Ragotzkie 
(6) developed a_ selective culture 
medium containing 5 units of peni- 
cillin and 50 units of grisein per milli- 
liter of medium which had no effect on 
the recovery of Mycobacterium tuber- 
culosis avium and which suppressed 
the sewage saprophytes by 74 to 82 
per cent. Using this medium, they 
made studies on the effectiveness of 
sewage treatment processes on the re- 
moval of M. tuberculosis avium added 
artificially to sewage under laboratory 
conditions. 

It was shown that sedimentation did 
not materially reduce the number of 
tubercle bacilli while chemical precipi- 
tation with ferric chloride followed by 
flocculation and sedimentation re- 
moved more than 99 per cent of the 
organisms added. Intermittent sand 
filtration was found as effective as 
chemical coagulation. Plain aeration 
of the infected sewage for 24 hr. had 
little effect on the number of organ- 
isms. A chlorine residual, determined 
by the orthotolidine test of 2 to 5 
p.p.m., was found necessary to give ef- 
fective reduction of the number of 
these organisms. 

An attempt was also made, using the 
medium developed for the enumeration 
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of M. tuberculosis avium, to make a 
survey of the number of acid fast 
organisms found in sanatorium sew- 
age and the effluents from differ- 
ent treatment processes. There were 
1,500 tubercle bacilli per milliliter in 
raw sewage and 10 per milliliter in 
the settled chlorinated trickling filter 
effluent. The indications obtained 
from both the laboratory experiments 
with artificially added M. tuberculosis 
avium and the sanatorium survey are 
strikingly similar to the results ob- 
tained in the present study with dif- 
ferent methods of enumeration. 

The present study is believed to be 
the first to use selective cultural meth- 
ods for the enumeration and evaluation 
of the survival of tubercle bacilli in 
sewage treatment processes and under 
conditions of natural self-purification 
and the methods developed are thought 
to be an improvement over the meth- 
ods used previously. Although con- 
trolled chlorination to a chlorine resid- 
ual of 1.0 p.p.m. for a definite contact 
period (30 min.) may destroy a cer- 
tain number of tubercle bacilli, such 
an effect cannot be compared with the 
destruction brought about by alkali or 
antiformin pretreatment. Such pre- 
treatments may be suitable for diag- 
nostic purposes of specimens of sputum 
but not for quantitative enumeration. 

Bradosol pretreatment represents a 
further improvement over the method 
of chlorination pretreatment, although 
neither method can be considered to 
be 100 per cent quantitatively perfect. 
There is a recovery of only 70 to 80 
per cent of the tubercle bacilli when 
the sample is treated with 500 p.p.m. of 
Bradosol. In addition, errors occur 
from lack of complete dispersion of 
individual cells, despite all precautions 
and efforts to thoroughly shake and 
mix the samples and dilutions. There 
are also certain other errors which oc- 
eur from cultural and colonial simi- 
larity between tubercle bacilli and 
other micrococci. Despite these er- 
rors, the work reported here should be 
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useful in that it represents a first at- 
tempt at quantitative evaluation of the 
survival of tuberele bacilli in artificial 
sewage treatment and natural stream 
purification processes. 

Since tubercle bacilli are expected to 
be present in sanatoria sewage, it be- 
comes important to determine the types 
of sewage treatment that will effec- 
tively eliminate them from the effluent 
before discharge into receiving waters. 
The evidence presented shows that 
neither primary nor secondary treat- 
ment methods are effective in remov- 
ing or destroying the tubercle bacilli. 
More specifically, no reliance can be 
placed on plain sedimentation, septic 
tank treatment, trickling filters, or 
activated sludge treatment to bring 
about a substantial reduction in the 
number of tubercle bacilli. The only 
exceptions are the chemical treatment 
process and slow sand filtration. 
Purely from the standpoint of elimina- 
tion of tubercle bacilli and disregard- 
ing the effects of organic pollution, 
chemical treatment might prove to be 
adequate. But since there is a strong 
possibility of not being able to ef- 
fectively coagulate sewage at a treat- 
ment plant with the proper dosage of 
ferric chloride, it would be advisable 
to follow with adequate chlorination to 
destroy the residual pathogens. In 
the ease of slow sand filtration, such 
a procedure furnishes a double pro- 
tection even though there might not be 
any tubercle bacilli in the effluent from 
such a unit. 

Chlorine is a reliable method of de- 
stroying tubercle bacilli in sewage. 
The residual chlorine required to ac- 
ecomplish this appears to be higher than 
that required to kill enteric bacteria. 
A residual of 1 p.p.m. of chlorine or 
higher, depending upon the contact 
time, is required. With a 30 min. con- 
tact time, a residual of 2 p.p.m. is 
necessary, whereas with a 1-hr. con- 
tact time a residual of 1 p.p.m. appears 
to be sufficient. Sewage which has 
been subjected only to primary sedi- 
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mentation will require higher dosages 
of chlorine and possibly even higher 
residuals to eliminate tubercle bacilli, 
than sewage subjected to secondary 
treatment processes prior to chlorina- 
tion. The higher chlorine residuals 
required with primary sedimentation 
alone can probably be ascribed to the 
failure of chlorine to penetrate large 
suspended solids particles in which 
some of the bacteria are embedded. 
Thus, even though trickling filters and 
activated sludge processes cannot be 
relied upon as a means of removing 
tubercle bacilli, they do render the 
sewage more amenable to effective dis- 
infection. Natural  self-purification 
processes in receiving waters cannot be 
relied upon to destroy tubercle bacilli; 
they should be eliminated by adequate 
sewage treatment processes before their 
discharge. 

Sludges produced from primary 
sedimentation, chemical coagulation, 
trickling filters and activated sludge 
processes can be expected to contain 
tubercle bacilli. The presence of tu- 
berele bacilli has been demonstrated 
in fresh solids and activated sludge 
when the sewage treated contained 
these organisms. In the case of ac- 
tivated sludge, the mechanism of the 
removal of pathogens is similar to the 
adsorption by the floe of any particu- 
late matter from the sewage. The same 
phenomenon applies to trickling filters. 
In fresh solids presence of the tubercle 
bacilli can be explained by the sedi- 
mentation of particles with which the 
pathogen is associated. Sludge pro- 
duced from the chemical precipitation 
process should contain most of the or- 
ganisms that are removed from sewage 
since ferric chloride exerts only a mild 
toxic effect. 

The disposal of these highly con- 
taminated sludges produced from the 
treatment of sanatoria sewage poses a 
problem. Elimination by digestion 
and air-drying is not adequate and 
treatment with chlorine compounds 
prior to ultimate disposal is advisable. 
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Summary and Conclusions 


Laboratory and sewage treatment 
plant studies evaluated the effect of 
sewage treatment processes on the 
number of tubercle bacilli as enumer- 
ated by selective cultural methods de- 
veloped and described previously (3). 
The results warrant the following con- 
clusions : 


1. Significant numbers of tubercle 
bacilli were encountered in the sewage 
from the three sanatoria studied. 

2. Sedimentation, septic tank treat- 
ment, trickling filters and activated 
sludge did not prove effective in re- 
moving tubercle bacilli from the 
treated sewage. Chemical coagulation 
with ferric chloride and intermittent 
slow sand filtration were effective in 
removing this pathogen. 

3. Chlorination to a residual of 2 
p.p.m. with a contact time of 30 min. 
or to a residual of 1 p.p.m. with a 
contact time of 1 hr. is required for 
effective destruction of tubercle bacilli. 

4. Sludges produced by primary and 
secondary treatment methods contained 
the tubercle bacilli which were not de- 
stroyed by anaerobic sludge digestion 
and air drying of sludge in open sand 
beds. 

5. Storage of fresh water infected 
with tubercle bacilli for 6 days and of 
similarly infected saline water for 24 
hr. did not eliminate the tubercle 
bacilli. The rate of decrease of these 
organisms was greater in saline waters 
than in fresh waters. 
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VACUUM SLUDGE FILTRATION 


II. PREDICTION OF FILTER PERFORMANCE* 


By B. R. 8. Jonzs 


Civil and Municipal Engineering Department, University College, University of London, 
London, England 


From a survey of the literature there 
appears to be no satisfactory theoretical 
approach which considers the time of 
pressing on a pressure filter or the yield 
on a rotary vacuum filter and how they 
are affected by initial moisture content 
of the sludge, final moisture content of 
the cake, time of pressing and cake 
thickness (for pressure filters), time of 
revolution (for rotary filters), and the 
specific resistance of the sludge. 

Carman (1) stated that his equation 
could be used in calculating the eco- 
nomics of pressure filters, but has not 
published any details. Halff (2) has 
shown that for a cake of fixed final 


moisture content on a rotary vacuum 
filter, the maximum yield is obtained 


with the thinnest cake. He arrives at 
these curves by experiment. 

Edmondson and Lumb (3) show a 
curve of variation of pressing time with 
cake thickness, derived from experi- 
ments on a pressure filter, and state 
categorically that the time of pressing 
is proportional to the square of the cake 
thickness. Three years later Lumb and 
Hirst (4) state that for heat treated 
sludges the time of pressing is roughly 
proportional to the cake thickness and 
not to the square of the cake thickness. 
As will be shown later, the time of 
pressing 7s proportional to the square 
of the cake thickness, and this error 
arose from variation of the final mois- 
ture contents of the cakes examined; 
the thicker the cake the higher was the 
moisture content. 

McMillen and Webber (5) predicted 
with some success the yield on pressure 


* Part I appeared in Tuts JouRNAL, 28, 8, 
963 (Aug., 1956). 


filters, and with less success the yield 
on rotary vacuum filters using the the- 
ories of Ruth (6) with chemical sludges. 
Their method involved a large number 
of steps, and it was not possible to see 
how the variables affected time of press- 
ing and yield. Prediction of results on 
a rotary vacuum filter was very limited 
in application, because the filter was 
operated so that suction only continued 
for as long as the cake was submerged. 
Their predicted results for thin sludges 
were as low as 16 per cent of the meas- 
ured values, while it was only for thick 
sludges of 50 per cent solids or more 
that results were as good as 85 per cent 
of the measured yield. From consid- 
eration of the information published, it 
would seem that the chief cause of the 
errors was in the evaluation of v, the 
ratio relating solids in the cake to vol- 
ume of filtrate. Ruth specified that 
complete filtration must be achieved 
before v could be evaluated from the 
cake solids, which was clearly not the 
case in these experiments. 

By using the theory developed in 
the previous paper (7) it is possible to 
derive equations and curves relating 
time of pressing on filter presses and 
yields of cake on rotary filters to the 
different variables involved, and from 
these to predict full-scale performance 
from laboratory measurement of spe- 
cific resistance. 


Assumption 


If V is the volume of filtrate at time @, 
the filtration equation can be written 


(1) 
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where c is related to the initial resist- 
ance (mainly cloth resistance). 

It is assumed that c = 0, so that 
filtration is described by 


6=kV? (2) 


4 The error involved is only small, and 
for pressure filters where the thickness 
of cake and time of filtration are large 
it can clearly be ignored. Comparison 
of predicted and measured yields for 
vacuum filters later shows reasonable 
agreement, providing justification for 
the assumption in this case too. 

The relation between volume of fil- 
trate and time is therefore parabolic. 
All calculations that follow assume that 
parabolic filtration takes place. (Note 
that filtration is no longer parabolic, 
and @/V versus V is no longer linear 
when the cake cracks.) 


Yield of Cake on a Rotary 
Vacuum Filter 


The calculations that follow assume 
that the drum filter is operated so that 
sufficient sludge is picked up to enable 
parabolic filtration to continue until 
suction ceases; or, in other words, so 
that cracking does not occur before the 
cake is about to be removed. If crack- 
ing occurs before suction ceases, fil- 
tration is virtually stopped and the 
proportion of time for suction should 
be correspondingly reduced. 

The following nomenclature and as- 
sumptions are made: 


M = time for one revolution of the 
drum, in min. ; 
m = percentage of time for which suc- 
tion acts; 
C; = final moisture content of the cake, 
in per cent; 
C; = initial moisture content of the 
sludge, in per cent; 
P = average suction pressure, in lb. 
per sq. in.; 
n = viscosity of the filtrate, in centi- 
poises ; 
= specific resistance of the sludge in 
the trough, in 10’ cm. per gm.; 
and 
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L = yield of cake as dry solids, in Ib. 
per sq. ft. per hr. 


In one revolution of the drum, the 


dry solids produced = —— lb. per sq. 


60 
; LM 
ft. = 23 & Per sa. cm. 

The weight of water, in grams, ini- 
tially associated with these solids and 
removed by filtration is, for practical 
purposes, equal to the volume of water, 
in cubic centimeters, removed by fil- 
tration. 

Hence, 


~~~ \100—C,;  100—C, (3) 


It has been assumed that @ = k V?. 


m 
When 6 = 100 M, V has the value in 
Eq. 3. Hence, 

mX12.3° 60 


C; C 3 
100—C; 100—C, 
sec. perem.® (4) 
But specific resistance is given by 


2bpA? 
(5) 


uv 
in which 
b = k sec. per cm.°; 


p = 70.3P g. per sq. em.; 


A = 1 sq. cm.; 
u = n/100 poise; 
100—C; 
v = per ce.; and 


r = R X 10’ em. per g. 


Substituting for k (=b) in Eq. 5 from 
Eq. 4, 


357 ( 100 =r 
0.0: vi C, Cr 


mPC | 
x MRn 


lb. per sq. ft. per hr. (6) 


Cyr OS 
70 4 
} 
J 
—+ —— 
& 


92 
WITIAL SUDCE MOISTURE -C, % 


FIGURE 1.—Variation of yield with 
initial sludge moisture. 


Effect of Variables on Yield 


Eq. 6 completely describes the rela- 
tion between yield and the variables in 
vacuum filtration. The equation is 
considerably simplified when values for 
these variables are selected. The effect 
of each variable can then be considered 
in turn. Thus, L is proportional to 


—=. The dependence of yield on some 
VR 

of the variables is shown in Figures 1, 
2, 3 and 4. 


Initial Sludge Moisture 


L « L,, where 


100 ~ 


L, = [C,(100 — (7) 


Variation of L, with initial sludge 
moisture for different values of cake 
moisture is shown in Figure 1. For 
example, assuming that specific resist- 
ance remains unaltered on thickening, 
thickening of sludge from 3 per cent 
solids to 7 per cent solids increases the 
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yield from 1.73 to 2.14 times, depending 
upon the cake solids. For cake solids 
of 30 per cent, the ratio of yields is 

L, (at C; = 93) 33 


L, (at C7; = 97) 18 1.6. 


Final Cake Moisture 


L « L,, where L, is the same as in 
Eq. 7. 
Variation of L, with final cake mois- 
ture for different values of initial sludge 
moisture is shown in Figure 2. This 
shows that it is only with the thicker 
sludges that the cake moisture has an 
important effect on the yield. 


Time of Revolution 


1 
L«—= 
VM 


Ls 0.0357 


> 
> 
Cc. 
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FIGURE 2.—Variation of yield with 
cake moisture. 
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FIGURE 3.—Variation of yield with time of revolution. 


If the time of revolution of the drum Pressure a 
filter is decreased from M to M’, the , ie 
& 


yield will be increased in the ratio R 
But 

; this is shown in Figure 3. RX 10" =r = 
For example, if the time of revolution R« P 

is reduced from once in 8 min. to once and 

in 2.5 min., the yield will be increased P 


l—s 
1.8 times. R has 


(8) 
(9) 


(10a) 
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Hence, 


Le« pA ) (11) 
Variation of yield with pressure is 
shown in Figure 4 for different values 
of s, the coefficient of compressibility. 
The yield at pressures below 15 lb. per 
sq. in. is expressed as a percentage of 
the yield at 15 lb. per sq. in. The yield 
is virtually unaltered with pressure 
for highly compressible sludges. This 
agrees with Halff (2), who briefly in- 
vestigated the effect of pressure on 
yield for elutriated digested sludge con- 
ditioned with ferric chloride. The com- 


pressibility of sludges of this nature 
treated with ferric chloride is usually 
greater than 0.85 and from Figure 4 it 


100 
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will be seen that the yield at 7.5 lb. per 
sq. in. is 95 per cent of the yield at 15 
Ib. per sq. in. Halff found that “the 
yield per hour (on rotary vacuum fil- 
ters) was practically constant for pres- 
sures greater than 7.5 lb. per sq. in.” 
It is important to note that this does 
not hold for less compressible sludges, 
a point not demonstrated by Halff’s 
approach. 


Time of Pressing 


To simplify working and the formulas 
to be derived, the specific gravity of the 
sludge particles is taken as unity. The 
errors involved, and necessary correc- 
tion factors are discussed in the Ap- 
pendix. 


% OF IS LBS/SQ.IN. YIELD 


7s 
PRESSURE 


10-0 125 


FIGURE 4.—Variation of yield with pressure: 100 per cent yield assumed 


at 15 Ib. per square inch. 
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Let 


T = length of time to complete a press, 
in hr. ; 

d = chamber thickness (that is, dis- 
tance between cloths), in in. ; 
final moisture content of the cake, 
in per cent; 
initial moisture content 
sludge, in per cent; 
filtration pressure, in lb. per sq. 
in. ; 
viscosity of the filtrate, in centi- 
poises ; 
specific resistance of the sludge, 
in 10’ cm. per gram; 
quantity of dry solids produced 
per half thickness of chamber, in 
lb. per sq. ft.; and 
yield, expressed as l’/T', in lb. per 
sq. ft. per hr. 


of the 


It is assumed that filtration continues 
until the chambers of the press are full 
of cake. Then the weight of dry solids 
will be a function of chamber thickness 
and moisture content of the cake. Con- 
sider a half thickness, d/2: 


/ 
62.4/ 2X12 100 


lb. per sq. ft. (12a) 

The weight of water in grams initially 
associated with these solids and re- 
moved by filtration is, for practical 
purposes, equal to the volume of water 
(in ec.) removed by filtration. Hence, 


l’ = 2.6d 


62.4] (100—C,) 100—C; 
cu. ft. (13) 
It has been assumed that @ = kV. 
When @ = 7’, V has the value in Eq. 13, 
hence k. 
Using Eq. 5 
A = 1 X (80.5)? sq. cm., 
and the other terms have values as 
before. Substituting for k (=b), and 
for l’ from Eq. 12a, 
_ 0.321 Rnd?(C; — Cy)? 
 PC,;(100 


hr. (14) 
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Yield on Pressure Filters 
From Eq. 14, 
3.12 PTC,;(100 — C,) 


= —— 


Rn(C; — 


(15) 


Using the value of l’ in Eq. 12a, and sub- 
stituting for d from Eq. 15, 


4.6(100 — 


100(C; — C;) 


PC,(100 — C,) 
TRn 


lb. per sq. ft. per hr. 


(16) 

Note that this value of L ignores the 
time taken in removing the cake and in 
preparing the press to receive the next 
batch. However, it can be shown that 
Eqs. 16 and 6 are identical. Thus, in 
iq. 6if m = 100 per cent and M = 607, 
(100 — C;) 


L 0.0357 
— Cy) 


60TRn 
lb. per sq. ft. per hr. 
4.6(100 — C,) 


— Cy) 


PC,(100 — | 
TRn 


lb. per sq. ft. per hr. 


(17a) 


(176) 


Although Eqs. 6 and 14 appear to be 
unrelated, it has been possible to show 
that they are both different versions of 
Eq. 16. The difference in operation of 
rotary vacuum filters and filter presses 
accounts for the different forms of Eqs. 
6 and 14; in a rotary vacuum filter the 
time of filtration is constant while the 
cake thickness can vary, whereas in a 
pressure filter the cake thickness is con- 
stant while the time of filtration varies. 


Effect of Variables on Time of Pressing 


As for the rotary vacuum filter, the 
performance of the pressure filter can 
be completely described from one equa- 
tion—Eq. 14. Thus, 


T<«R 


= 
SS i 
( 

I 
= 

| 
L 
38) 
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The dependence of time of pressing on Variation of 7’, with initial sludge mois- 
some of the variables is shown in Fig- ture for different values of cake mois- 
ures 5, 6 and 7. ture is shown in Figure 5. 

For example, if the solids content of 


Initial Sludge Moisture a sludge is increased from 2 per cent to 


Te«T, 3 per cent when producing a cake of 
where 70 per cent moisture, the time of press- 
. (C; — C;)? (18) ing will be 2.5/4.0, or 62.5 per cent of 


» ~ €;(100 — 


\ 


the time at 2 per cent solids. The im- 
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FIGURE 5.—Variation of time to press with initial sludge moisture. 
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FIGURE 6.—Variation of time to press with cake moisture. 
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FIGURE 7.—Variation of time to press with pressure : unit time to press is 
assumed for 100 lb. per square inch. 
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portance of a thick sludge for efficient 
filtration is clearly shown. 


Final Cake Moisture 


T « T,, where T, is the same as in 
Eq. 18. 

Variation of 7’, with final cake mois- 
ture for different values of initial sludge 
moisture is shown in Figure 6. The 
effect of final cake moisture on perform- 
ance is much more pronounced in filter 
pressing than in vacuum filtration (see 
Figure 2). 


Pressure 


but 
(10b) 


hence, 
(19) 


Variation of time of pressing with 
pressure for different values of s, the 


coefficient of compressibility, is shown 
in Figure 7. Unit time to press is 
assumed at 100 lb. per sq. in. For 
example, for a sludge of compressibility 
0.85, the time to press at 20 lb. per 
sq. in. is 1.27 times the value at 100 lb. 
per sq. in. 


Experimental Confirmation of Theory 
for Rotary Vacuum Filters 


The full-scale confirmation of theory 
was limited partly on account of time 
available, and partly because at the 
time of test there were only two vacuum 
filtration plants in use at sewage dis- 
posal works in England. However, 
with the full cooperation of the respec- 
tive Chief Engineers, three tests were 
carried out to check predicted yield 
from measurement of specific resistance 
with actual yield. 


1. The first was at the works of the 
Colne Valley Sewerage Board on a filter 
dealing with a mixture of one volume of 
elutriated digested primary sludge to 
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three volumes of activated sludge, con- 
ditioned with chlorinated copperas, giv- 
ing a cake yield of 1.07 lb. per sq. ft. 
per hr. of dry solids. A sample of the 
conditioned sludge in the trough was 
filtered: the specific resistance was 6.27 
xX 108 em. per gram. The variables 
had the following values: C; = 95.9, 
100 — C; = 4.1, Cy = 85.1, 100 — Cy 
= 14.9, C;— Cy = 108, M =6,m= 
83, P = 10, n = 1.06, R = 62.7 (meas- 
ured value of r = 6.27 X 108 = R X 10"). 

It was noted that for this particular 
sludge cracking occurred at the top of 
the drum, reducing the effective period 
of suction considerably. Say m = 66 
(assumes suction ceases at top of drum). 
Then the predicted yield from Eq. 6 is 

14.9 


L = 0.0357 X 108 


66 X 10 X 95.9 X 4.1 |} 
6 X 62.7 XK 1.06 
= 1.25 lb. per sq. ft. per hr. of dry 
solids. (The measured value was 
1.07 lb. per sq. ft. per hr.) 


2. The second test, also at Colne 
Valley, was made on a filter dealing 
with activated sludge alone using chlo- 
rinated copperas as conditioner. The 
measured cake yield was 1.27 lb. per 
sq. ft. per hr. of dry solids. The spe- 
cific resistance of the conditioned sludge 
was 3.36 X 10° ecm. per gram. The 
variables in Eq. 6 has the following 
values: C; = 97.4, 100 — C; = 2.6, 
= 85.7, 100—C; = 1438, — C, 
= 11.7, M = 5.5, m = 83, P = 10, 
n = 1.06, R = 33.6. Hence, L = 1.43 
Ib. per sq. ft. per hr. (The measured 
value was 1.27 lb. per sq. ft. per hr.) 

3. A test was made at the works of 
the West Kent Main Sewerage Board, 
where elutriated digested primary sludge 
is conditioned with aluminum chloro- 
hydrate. The measured cake yield was 
7.84 lb. per sq. ft. per hr. of dry solids. 
The specific resistance of the condi- 
tioned sludge was 4.0 X 10’ cm. per 
gram. The variables in Eq. 6 had the 
following values: C; = 93.3, 100 — C; 


a 

3 

Bis 

2 
Pp 

ee 

eats 

ai 


Vol. 28, No. 9 VACUUM SLUDGE FILTRATION. II. FILTER PERFORMANCE 1113 


TABLE I.—Comparison of Calculated with 
Experimental Filter Yields 


Cale. Yield 
at Faster 
Speed 


Measured 


M Cr Yield 


4} 90 


1.04 
1¢ 88.7 


1.53 


4} 89.8 
23 88.9 


1.07 
1.50 


= 6.7, Cy; = 68.3, 100 — C; = 31.7, 
C; — Cy = 25.0, M = 4.25, m = 83, 
P= 10, n= 1.09, R=4.0. Hence, 
L = 7.58 |b. per sq. ft. per hr. (The 
measured value was 7.84 Ib. per sq. ft. 
per hr.) 


The effect of time of revolution on 
cake yield was checked in some full- 
scale measurements at Colne Valley. 
Measurements of yield were made at 
two speeds: at M = 8, the yield was 
1,800 lb. of wet cake per hour; at M = 
2.5, the yield was 3,100 lb. of wet cake 
per hour. 

The moisture content of the cake was 
unaltered. The increase in yield was 
therefore 3,100/1,800 = 1.72 times. The 
theoretical increase in yield (from Fig- 
ure 3) would be 1.79 times. 

Further confirmation of the relation 
L « M‘is provided by the experiments 
of Wishart et al. (8) using a model ro- 
tary vacuum filter. Ignoring the slight 
changes in moisture content of the cakes 
to simplify calculations, yields have 
been calculated and are compared with 
the experimental values in Table I. 


Experimental Confirmation of Theory 
for Pressure Filters 


Raw sludge (consisting of settled pri- 
mary and secondary sludges) condi- 
tioned with lime and copperas is pressed 
at the Borough of Luton sewage purifi- 
cation works to form a cake of about 
30 per cent solids in about 2 to 4 hr. 
More precise data are difficult to ob- 
tain, and bearing in mind that pressure 
is slowly built up in practice, whereas 


the theory applies to constant-pressure 
filtration, it was not thought necessary 
to obtain more precise details. 

The conditioned sludge was sampled 
at the mouth of the press to enable 
determination of specific resistance to 
be made. From these measurements 
the coefficient of compressibility, s, was 
found to be 0.67 and the following val- 
ues were found for specific resistance: 
at 10 lb. per sq. in., 6.00 X 10* cm. per 
gram; at 100 lb. per sq. in., 2.78 X 10° 
em, per gram. The time of pressing 
could be evaluated from either of these 
values. 

Using the value of specific resistance 
at 100 lb. per sq. in. and Eq. 14, 


_ 0.321 Rnd*(C; — Cs)? 


where C; = 93, 100 — C; = 7,C; = 70, 
C; — Cy; = 23, d = 1.5, n = 1.06, P = 
100, R = 278. Then T = 0.00622R = 
1.73 hr. (at 100 Ib. per sq. in.). 

The alternative method of calcula- 
tion, which would be used when labora- 
tory measurements of specific resistance 
were made at low pressures only, is as 
follows: 

Using the value of R at 10 lb. per 
sq. in., P = 10, R = 60, 


T = 0.0622R = 3.73 hr. 
(at 10 Ib. per sq. in.) 


Then from Figure 7 and interpo- 
lating for the value S = 0.67, the time 
of pressing at 10 lb. per sq. in. will be 
2.12 times the pressing time at 100 Ib. 
per sq. in. Hence, T1090 = T19/2.12 = 
3.73/2.12 = 1.75 hr. 

In other words, the time of pressing 
at 100 lb. per sq. in. is 1.7 hr. by either 
method of calculation. 

This value needs to be modified be- 
cause the mean pressure throughout the 
filtration was probably of the order of 
75 lb. per sq. in. Therefore, from Fig- 
ure 7, the pressing time will be 1.1 
times the pressing time at 100 lb. per 
sq. in., or 1.1 & 1.74 = 1.92 hr. 
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The dry density of the sludge par- 
ticles was not known. However, if a 
value of 1.5 is assumed, the pressing 
time, 7’, will have to be modified by the 
appropriate value of K? given in the 
Appendix. Therefore, since K? = 1.23 
for Cy; = 70, T = 1.92 X 1.23 = 2.36 
hr. 

Thus, the theoretical estimate of time 
of pressing is 2.4 hr. compared with 2 
to 4 hr. in practice. This shows that 
it is possible to predict the time of 
pressing with greater accuracy than is 
required in practice, because several 
variables (the chief of which is final 
cake moisture) are difficult to control. 


Summary 


Eqs. 6 and 14 enable performance of 
rotary vacuum filters and pressure fil- 
ters to be predicted from simple lab- 
oratory determinations of specific re- 
sistance. Curves have been derived 
from these equations showing how per- 
formance depends on a number of these 
variables; for example, Figure 3 illus- 
trates the effect of time of revolution of 
a drum filter on yield of cake produced. 

Experimental verification of these 
equations and derived curves has been 
described, and it may be concluded that 
for practical purposes the predicted per- 
formance agrees with measured per- 
formance. 

Although the scope of the experi- 
mental verification was somewhat lim- 
ited, it was sufficient to demonstrate 
the use oi the equations and curves 
derived in this paper. These methods 
can be used in predicting full-scale per- 
formance for any sludge from a few 
laboratory experiments, and an example 
of the procedure is described elsewhere 
(9). The equations and derived curves 
should also lead to a better understand- 
ing of the economics of filter plant 
operation and make possible the deter- 
mination of the best method of operat- 
ing an existing facility. 
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APPENDIX—CORRECTION FACTOR FOR TIME OF PRESSING 


Let the specific gravity of the dry 
sludge particles be p. Then the volume 


of l’ pounds of sludge solids = (24 


cu. ft. 
Volume of associated water at C, = 
Cy 


100 — C, 624 cu. ft. 


Total volume on 1 sq. ft. = 


v C; 
~ 62.4 E + 100 — A - Hence, 


100 — C 
2.6q (100 = 


100 


P 
Cs 


x (12b) 


Eq. 12b should be compared with Eq. 
12. Values of l’ should be multiplied 
by a correction factor 


K = a 


Since I’ « d, values of T obtained 
from Eq. 14 should be multiplied by 


K*. The values of K?* are given in 
Table II for different values of p and C;. 


(20) 


TABLE II.—Values of K? 


USPHS TRAINEESHIPS 


The Public Health Service graduate 
training program for sanitary engi- 
neers and related personnel, authorized 
by recent legislation, has been mobi- 
lized to undertake a graduate program 
during the current academic year. The 
program is open to all citizens who hold 
a B.S. degree in engineering or the 
sciences and are presently engaged in 
public health work or study, or who 
are interested in this field of profes- 
sional activity. 

Applications should be made im- 
mediately in order to benefit from the 


current program. Each applicant must 
be accepted by an accredited college or 
university in order to receive a scholar- 
ship. Students presently enrolled in 
graduate study are invited to make ap- 
plication. 

Complete information on _ tuition, 
travel, dependence allowance, and liv- 
ing stipend can be obtained by writing 
directly to the Chief, Division of Gen- 
eral Health Services, U. S. Public 
Health Service, Washington 25, D. C. 
Applications also should be sent to that 
office. 


| 

| | 12) 13) 14] 15 | 16 | 17 
85 |1.03 | 1.05 | 1.07 | 1.09 }1.10 | 1.12| 1.13 
80 1.04 | 1.07 1,10 | 1.12 2.17 1.19 
75 1.05 1.09 | 1.12} 1.15 | 1.19 | 1.22) 1.25 
70 /1.06 | 1.10} 1.15 |1.19 | 1.28 |1.27 | 1.30 
65 1.24 | 1.28 |1.32| 1.37 
| 
| 
| 
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Industrial Wastes 


EVALUATION OF METHODS CURRENTLY USED TO 
DETERMINE B.O.D., C.0.D. AND ODOR FOR 
INDUSTRIAL WASTES * 


By M. B. ErtiIncer 


Robert A. Taft Sanitary Engineering Center, USPHS, Cincinnati, Ohio 


Three determinations frequently 
used in the examination of industrial 
wastes are B.O.D., C.0O.D. and thresh- 
old odor (T.O.) Two of these (B.O.D. 
and T.O.) were not primarily designed 
for use in the examination of indus- 
trial wastes, and their best application 
to such use is not obvious and straight- 
forward. The application of C.O.D. 
values to industrial waste is also beset 
by complications. Accordingly, it is 
believed that a discussion of the use 
of these parameters in the evaluation 
of industrial wastes would be of inter- 
est. 


Threshold Odor 


The threshold odor number is de- 
fined by Standard Methods (1) as the 
dilution ratio at which the odor is just 
detectable. This is an ambiguous and 
unsatisfactory definition in terms of 
the way the value is generally used. 

Threshold odor tests are usually run 
on liquid industrial wastes to limit the 
amount of odorous organic material 
which reaches surface water supplies. 
Some of the requirements of the test 
procedure automatically develop from 
consideration of water-treatment plant 
characteristics. 

Water supplies taken from surface 
sources subject to pollution almost in- 
variably are chlorinated and the taste 


* Presented at 1956 Annual Short School, 
Texas Water and Sewage Works Assn.; Col- 
lege Station, Texas; Mar. 5-9, 1956. 


and odor of the water after chlorina- 
tion become the important factors. 
Chlorine frequently reacts with or- 
ganic material to develop or decrease 
odor. When this oceurs the odor in- 
tensity will vary with the amount of 
chlorine added. Schematic presenta- 
tion of this pattern of behavior is 
shown in Figure 1. 

The reactions occurring between 
chlorine and waste components are 
sometimes influenced by dilution. 
Since water treatment plants cannot 
handle extremely polluted water such 
as an industrial waste stream, the or- 
ganic waste under’ consideration 
should be suitably diluted to concen- 
tration levels approximating those 
handled by a severely loaded water 
plant. 

Chlorine reactions produce acid, 
making it desirable to buffer the solu- 
tion being chlorinated with sodium 
bicarbonate, thus simulating the bi- 
earbonates which buffer natural wa- 
ters. In large water distribution sys- 
tems, a long period elapses between the 
time water leaves the treatment plant 
and the time it reaches the most dis- 
tant consumer. Odors which develop 
in a water distribution system as the 
result of slow reactions between re- 
sidual chlorine and organic contami- 
nants must be given due consideration. 

Odor is necessarily a subjective 
quantity, amenable to measurement 
and interpretation only in terms of 
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No Effect 

2.Cortinuous Reduction 
of Taste 

3. Increase to°a Maximum 
Followed by Decrease 

4. Increase toa Maximum 


TASTE INTENSITY 


CHLORINE ADDED 


FIGURE 1.—Some effects of chlorina- 
tion on the taste intensity of dilutions of 
industrial wastes. 


personal reaction. This requires that 
odor test procedures, and their inter- 
pretation be based on the character- 
istics of the reactions of people to 
odors. Figure 2 shows a log-probabil- 
ity chart of the variation in the 
amount of a specific chemical, n-butyl 
alcohol, required to give a detectable 
odor in a series of 785 tests made by 
33 water plant operators over a five- 
month period. This chart leads rather 
simply to certain interpretations. In 
reaction to the n-butyl alcohol, the 
most sensitive 5 per cent of the popula- 
tion is at least 17 times as sensitive as 
the least sensitive 5 per cent. The 
**50-per cent’? man, or median ob- 
server, has less than one-quarter the 
sensitivity of the most sensitive 5 per 
cent observer, and is more than four 
times as sensitive as the least sensitive 
5 per cent of the population. 
Obviously, any attempt at quanti- 
tative appraisal of odor requires a 
large random group of observers, or a 
panel of several people selected be- 


B.0.D., C.0.D. AND ODOR TESTS 


1117 


cause they show at least reasonably 
good capacity for odor detection in 
general. The most meaningful value 
with a smal! panel is the panel median 
T.O. Use of the ‘‘median’’ prevents 
one unusually dull or unusually sensi- 
tive observer from throwing the panel 
results too far one way or another. 
If a mean is used it should be the 
geometric mean. 

There is no real advantage in at- 
tempts to characterize odor strength 
too precisely. In the laboratories of 
the Sanitary Engineering Center no 
attempt is made to differentiate be- 
tween odor intensities of solutions that 
differ by a concentration factor of less 
than two. 

Observers have further character- 
istics which require consideration in a 
prescribed test procedure. They tend 


to lose sensitivity when asked to detect 
a trace of a material after exposure to 
a gross quantity of the same material. 
Because observers are suggestible, it 
is difficult to secure an impartial judg- 


ment without asking the observer to 
discriminate between unknowns and a 
blank. Fatigue and boredom combine 
to make observers less sensitive and 
more erratic during prolonged odor 
observations. 

The minimum working requirements 
of a reasonable test of the odor of 
industrial waste are as follows: 


1. The observer should be reason- 
ably sensitive. A suggested test is the 
ability of the observer to differentiate 
consistently between an odor blank and 
0.5 p.p.m. of n-butyl alcohol in odor- 
free water. The observer should not 
attempt odor observation for more 
than 1 hr. in any 4-hr. period. 

2. The test environment should be 
free of background odor. 

3. The waste dilution to be tested 
should be comparable in total organic 
content to wastes encountered in water 
plants under severe conditions. The 
waste sample should be diluted with 
odor-free distilled water containing 
100 p.p.m. of bicarbonate or with other 
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suitable buffered water such as odor- 
free dechlorinated tap water if the 
alkalinity is 100 p.p.m. or greater, or 
odor-free water obtained by processing 
water from the receiving stream. 

4. Chlorination should be carried 
out with a variety of chlorine doses 
(2) to develop the full odor potential 
of the waste in question. The combina- 
tion showing greatest odor, after de- 
chlorination if required, should be ex- 
amined for a more precise T.O. Where 
local odors in the stream are the im- 
portant question, these chlorination 
procedures are not required. 

5. The comparison of odors should 
be carried out by asking the observer 
to detect odor in portions which 
progressively increase in odor. Blanks 
should be inserted into the series ex- 
amined, and a positive observation 
should be considered as the point where 
the observer consistently detects odor 
in samples and rejects blanks as nega- 
tive (2). Odor observations should be 
earried out about 2 hr. after chlorina- 
tion, and also 24 hr. after chlorination. 


FIGURE 2.—Characteristics of water treatment plant operator response to n-butyl alcohol. 


With most observers, the cold odor test 
is most consistent. 

6. In view of the variability of the 
reactions of observers and the diffi- 
eulty of making meaningful T.O. de- 
terminations, no purpose is served by 
attempting to examine odor portions 
which differ in concentration by a fac- 
tor of less than two. 


The foregoing discussion has listed 
some of the considerations required in 
the use of odor tests to protect water 
supplies from odors originating in in- 
dustrial waste sources. The type of 
procedure discussed cannot pretend to 
estimate the persistence of odorous ma- 
terials in transportation through sur- 
face water. On the other hand, a less 
elaborate method could not consist- 
ently approach the problem of measur- 
ing potential damage to drinking water 
quality presented by an industrial 
waste. 


B.O.D. and C.O.D. 


It is advantageous to discuss bio- 
chemical oxygen demand (B.0.D.) and 
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chemical oxygen demand (C.O.D.) to- 
gether. 


Biochemical Oxygen Demand 


Standard Methods (1) defines the 
B.O.D. of sewage, sewage effluents, pol- 
luted waters, or industrial wastes as 
‘‘the quantity of dissolved oxygen, in 
mg./l., required during stabilization of 
the decomposable organic matter by 
aerobic biochemical action.”’ 

Standard Methods describes an em- 
pirical and somewhat variable meas- 
ure of B.O.D. in terms of 5-day 
B.O.D. and presents two working di- 
lution techniques as usable in defining 
B.O.D. 


1. The ‘‘dilution technique’’ is 
based on observed initial dissolved oxy- 
gen. 

2. The ‘‘direct dilution technique’’ 
involves a calculated initial dissolved 
oxygen. 


The latter definition considers im- 
mediate oxygen demand as part of the 
B.O.D.; the first definition does not. 
The immediate oxygen demand is usu- 
ally small, but there are wastes in 
which it is large. 

This somewhat variable measure of 
B.O.D. is of direct monetary impor- 
tance where sewer service charges are 
based on the B.O.D. of the wastes. 
For example, in a particular situation 
there was a difference between B.O.D. 
values as obtained by the two tech- 
niques, both standard methods of 
measuring the same characteristic. 
This conflict in the working definition 
of B.O.D. is presently under consider- 
ation by such groups as Committee 
D-19 of the American Society for Test- 
ing Materials. The present indications 
are that B.O.D. may be redefined as 
‘‘the amount of dissolved oxygen used 
both biologically and chemically under 
specified conditions.’’ As a basis for 
sewage service charges, the new defi- 
nition would be more in accord with 
the equities. 
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The traditional concept of B.O.D. 
appears likely to undergo substantial 
revision. At a recent symposium (3) 
on problems of stream pollution, there 
was evidence of the simultaneous 
erystallization of this opinion among 
chemists. 

To quote Sawyer, Bogan, and Simp- 
son (4), ‘‘The evolution of the age of 
synthetic chemistry has brought with 
it many new compounds and products 
which have little relation to man’s 
food supply but rather are articles of 
commerce which are of great impor- 
tance in modern-day living. Many of 
these substances have no counterpart 
in naturally occurring materials, so it 
is not surprising to find that bacteria 
or enzyme systems do not exist which 
will accomplish their rapid degrada- 
tion. In view of the fact that lignin 
has, undoubtedly, been present in na- 
ture ever since life began on earth and, 
yet, no enzyme systems have been 
evolved for its rapid degradation, it 
would seem that evolutionary proc- 
esses cannot be counted on to come to 
our immediate rescue.”’ 

Mills and Stack (5) stated, ‘‘There 
is a serious need for investigators to 
follow a more flexible approach when 
evaluating the biological oxidation of 
industrial wastes. The continued use 
of the 5-day B.O.D. as the standard 
measure of oxygen demand has defi- 
nitely become a limiting factor. Even 
the determination of ultimate B.O.D. 
values is not always a completely satis- 
factory procedure. To achieve a more 
complete understanding of the bio- 
chemical reactions that can occur dur- 
ing the biological oxidation of certain 
materials, acclimated cultures of micro- 
organisms should be used. Results ob- 
tained with acclimated microorganisms 
are indicative of what will occur natu- 
rally in a biological oxidation system 
when sufficient time for acclimation is 
provided.’’ 

The author (6) stated, ‘‘Biochemi- 
eal attack on any given material pres- 
ent as a pollutant represents the inter- 
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action of a complex biological popula- 
tion and the chemical. It is affected 
by the seed, the chemical, other ma- 
terials in the substrate and by the 
physical conditions of the environment. 
A single chemical can show a wide 
range in persistence patterns and sus- 
ceptibility to biochemical destruction. 
Compounds show further differences 
in susceptibility to biochemical attack 
which cannot be explained solely by 
environmental differences or the spe- 
cific effectiveness of seeds present in 
the environment.”’ 

Integration of these opinions and 
other current data leads to the follow- 
ing summary of the status of B.O.D. 
measurements of industrial waste. 


1. The true B.O.D. of many indus- 
trial wastes is difficult to measure be- 
cause it is difficult to secure a ‘‘seed’’ 
that will allow laboratory measurement 
of the B.O.D. which the waste can and 
does show in the stream it pollutes. 

2. Some waste components § are 
highly resistant to destruction in 
streams, and are oxidized slowly or 
persist almost indefinitely. These ma- 
terials, although not the cause of acute 
oxygen sags, remain in the stream to 
degrade its quality for many uses, 
particularly drinking water supplies. 


The B.O.D. approach to the evalua- 
tion of industrial wastes might lead to 
very substantial under-design of bio- 
logical treatment plants. The plant as 
designed on the basis of measured flow 
and 5-day B.O.D. values of the waste 
proves to be inadequate, because un- 
suspected loads in the waste exceed the 
capacity of the treatment facilities as 
the microorganisms acclimatize to the 
composition of the waste. 

Prevention of this type of difficulty 
requires careful and protracted B.O.D. 
studies such as have been outlined (5). 
These should be fortified with pilot- 
plant experience unless wastes similar 
to those to be treated have already 
been through plant design and opera- 
tion. 
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Chemical Oxygen Demand 


The C.0.D. (oxygen consumed) is 
not clearly defined by Standard Meth- 
ods (1) which states, ‘‘Chemical oxy- 
gen consumed determinations, how- 
ever, indicate only a part of the or- 
ganic matter, the proportion varying 
dependent upon the chemical oxidant 
used, the structure of the organic com- 
pounds and the manipulative pro- 
cedures.’’ 

As presently defined, in practice, the 
C.O.D. represents an attempt to carry 
out a wet chemical combustion of all 
the carbonaceous material in a sample. 
In this attempt, present techniques 
have been reasonably successful, but 
they still leave something to be desired. 

First, complete oxidation of all ear- 
bonaceous material present is not sue- 
cessful ; specific chemicals such as ben- 
zene, toluene and pyridine have been 
observed to undergo little or no oxi- 
dation in the course of currently fa- 
vored procedures (7). 

Secondly, there can be oxidation of 
nitrogenous material under certain cir- 
cumstances. In samples which have a 
high chloride content and contain sub- 
stantial amounts of organic nitrogen 
and ammonia there apparently is some 
oxidation of the ammonia nitrogen (8). 
This leaves interpretation of present 
C.O.D. technique uncertain because the 
C.0.D. cannot be positively defined as 
having a definite relationship to the 
earbonaceous content of a sample and 
may be either greater or less than this 
value. 

Despite the theoretical shortcomings 
of the present C.O.D. method, it has 
great value in practice. In most cir- 
cumstances it gives a reasonably close 
estimate of the total chemically oxi- 
dizable carbonaceous content of a sam- 
ple. In many cases there is, at a spe- 
cific waste treatment plant or under 
local circumstances, good correlation 
between this value and the 5-day 
B.O.D. Even the differences noted be- 
tween C.O.D. and B.O.D. are useful 
in appraising situations. 
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In general C.0.D. values are higher 
than B.O.D. values because: 


1. Some chemicals are resistant to 
biochemical oxidation, lignin for ex- 
ample. 

2. Other chemicals, such as carbitol, 
are susceptible to biochemical oxida- 
tion but not in the course of the B.O.D. 
test. 

3. The presence of toxic materials in 
the waste, such as copper, interferes 
with the B.O.D. test. 

4. Organized biological materials 
may be present, such as bacterial cells 
and algae, which are not readily avail- 
able for further biochemical oxidation. 


There will be samples showing a 
very considerable C.O.D. attributable 
to material of limited significance in 
terms of water quality. For instance, 
one river was polluted by a suspension 
of coal fines as the result of coal-wash- 
ing operations. The coal fines, which 
had little or no B.O.D. and could not 
be considered as a menace to water 


quality for municipal use, showed large 


C.0.D. values. Like B.O.D. data, 
C.0.D. data must also be used with 
caution and judgment. 

In terms of water quality considera- 
tions, the fact that a material has little 
or no B.O.D. does not mean that it is 
harmless. Chemical materials resist- 
ant to biochemical oxidation must be 
considered in terms of possible long 
time water quality impairment. Dam- 
age may occur in a stream as color, 
toxicity to aquatic life, tainting of fish, 
and impairment of esthetic or recrea- 
tional values. Persistent pollutants 
have caused taste and odor difficulties, 
coagulation problems, and higher chlo- 
rine demand in municipal water plants. 
The biologically resistant chemical pol- 
lutant has importance at least equal 
to the biologically destructible pollut- 
ant. 


Summary 


1. The use of odor tests for evalua- 
tion of industrial effluents in terms of 
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possible harmful effects on surface wa- 
ters has been discussed, and the gen- 
eral functional requirements of ade- 
quate test procedures considered. 

2. It is sometimes difficult to meas- 
ure the biologically oxidizable organic 
material in an industrial waste be- 
cause of the difficulty of securing ef- 
fective ‘‘seed’’ for laboratory use. 

3. Chemical oxygen demand tests 
such as the Moore procedure (7) using 
silver catalyst usually indicate higher 
values than the B.O.D. test on an in- 
dustrial waste. The C.O.D. test gives 
a relatively rapid measurement, and 
usually determines most of the oxygen 
which can be used in completely oxi- 
dizing carbon compounds present. 

4. Joint use of B.O.D. and C.O.D. 
tests on industrial waste problems fre- 
quently is highly advantageous. In 
many cases analysis of the cause of 
differences between the two values can 
be very informative and may develop 
significant information. 
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The current application of new and 
varied waste treatment processes in 
the United States and Canada has been 
the logical result of recent industrial 
expansion and concentration, complex- 
ity of manufacturing operations and 
increasingly stringent governmental 
pollution abatement regulations. In- 
dustry has embarked on a continuing 
program of process alterations, water 
reutilization and waste treatment with 
the full realization of its obligations 


as a member of the economic com- 
munity to protect the natural re- 
sources. 


Until the past decade, the pollution 
reduction program of the oil industry 
was primarily concerned with the re- 
moval of suspended materials such as 
oils and solids from waste waters. 
The treatment of soluble organic con- 
taminants has recently assumed in- 
creasing importance. The effect of ex- 
cessive concentrations of these pollut- 
ants on the dissolved oxygen content 
and biological life of streams, as well 
as potential taste and odor effects on 


potable water supplies, has been 
clearly established. 
Biological oxidation procedures, 


utilized for many years for the reduc- 
tion of organic contaminants by sani- 
tary sewage treatment plants and more 
recently by related industries (1) (2) 
(3), were investigated by oil refiners. 
Pilot and laboratory studies indicated 
the applicability of both the trickling 
filter and the activated sludge processes 
to the treatment of refinery waste 


* Presented at 1956 Annual Short School, 
Texas Water and Sewage Works Assn.; Col- 
lege Station, Texas; Mar. 5-9, 1956. 
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waters (4)(5)(6). Activated sludge 
equipment has been selected by oil re- 
finers for their initial plant-seale in- 
stallations. This preference for aera- 
tion units, compared with the use of 
trickling filters, has been based on 
lower investment cost, reduced space 
requirements, anticipated higher oxi- 
dation efficiencies and the availability 
of low-cost electric power. The utili- 
zation of sludge-recirculation in the 
aeration basin for metabolic oxidation 
(endogenous respiration) of excess 
bacterial growth, thereby eliminating 
separate digestion equipment, repre- 
sented another advantage for the acti- 
vated sludge process. 


Sun Oil Company Installation 

Sun Oil Company initiated opera- 
tion of full-scale biological oxidation 
for the treatment of refinery waste 
waters at its Sarnia, Ontario, plant in 
1953. 


Sewer Systems 

The Sarnia Refinery, which is de- 
signed to process 15,000 bbl. per day 
of crude oil, contains completely inte- 
grated facilities for control and treat- 
ment of plant waste waters. The 
original installation designed in 1952 
included a completely segregated sewer 
and separator system which served as 
a basis for current American Petro- 
leum Institute recommended stand- 
ards for new refineries. Independent 
drainage systems were installed for: 
(a) the process waste waters, (b) the 
contaminated storm drainage, (c) the 
cooling water, (d) the uncontaminated 
storm drainage and (e) the sanitary 
sewage. A sixth sewer system for sul- 
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fide-bearing process waters has re- 
cently been added. The process wastes, 
contaminated storm waters and spent 
cooling waters are each provided with 
individual oil-water separators of 
A.P.I. design for the removal of oil 
and settleable solids before discharge 
to the effluent sewer. The total flow of 
the combined wastes in the final efflu- 
ent sewer averages 14 m.g.d. ; 

The process sewer system carries the 
main oxygen-consuming contaminants 
in the refinery. The flow averages 200 
g.p.m. or somewhat less than 300,000 
g.p.d., and contains more than 95 per 
cent of the phenols, sulfides, mercap- 
tans, emulsified oils and other water- 
soluble pollutants. These waste waters 
come from contact with oil in the plant 
and include process condensate drains 
from vessels and towers, pump gland 
leakage and desalting water. It was 
anticipated that these process waters 
would require secondary treatment be- 
fore discharge, and their segregation 
was considered a practical initial step. 


Actwated Sludge Unit 


When plans were developed for an 
activated sludge unit to treat the 
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process waters, reduction of phenol 
and phenolic derivatives represented 
the principal goal. Helpful informa- 
tion was made available by the Dow 
Chemical Company (1) and the Im- 
perial Oil Company, Ltd. (7) (8), who 
had plant and pilot-scale experience, 
respectively, with biological removal of 
phenols. Construction of the bio-oxi- 
dation unit was expedited by the use 
of the process sewer and separator sys- 
tem, in which the phenolic waters had 
already been segregated, and by utiliz- 
ing other existing equipment and pip- 
ing already in place. 

As shown on Figure 1, separable oil 
and solids are first removed in the 
A.P.I. process separator which is 10 
ft. wide, 45 ft. long and 10 ft. deep. 
The 200 g.p.m. of waste is then trans- 
ferred by a self-priming centrifugal 
pump, rated at 500 g.p.m. and 35 
p.s.i.g. discharge pressure, to an earth- 
wall oxidation basin (Figure 2). The 
aeration basin has top dimensions of 
90 ft. by 65 ft. and is 10 ft. deep. 
The bottom half of the sidewalls of 
the basin are surfaced with a 2-in. 
layer of cement grout to minimize 
erosion. The fresh feed water and 
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FIGURE 1.—Flow diagram for phenol oxidation facilities, Sun Oil Co., Sarnia, Ontario. 
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recycle (mixed liquor volume totals 
500 g.p.m.) enter at the bottom of the 
basin through a nest of 40 mixing 
eductors. A rotary blower, rated at 
500 ¢.f.m. at 7 p.s.i.g., supplies air to 
the eductors for aeration and intimate 
mixing. 

The overflow from the aeration 
basin flows through a 14-in. periph- 
eral slit-pipe flume to a large concrete 
A.P.I. gravity separator originally de- 
signed for oil removal service. This 
separator is equipped with continuous 
flight scrapers and serves as a sec- 
ondary settling tank for bacterial 
sludge. A positive displacement sludge 
pump, rated at 125 g.p.m. at 43 p.s.i.g., 
returns the settled bacterial floc to the 
oxidation basin. The clarified effluent 
flows from the secondary separator to 
the main refinery discharge sewer and 
then to the St. Clair River. Piping 
has been provided to recirculate all 
or a portion of the aeration basin efflu- 
ent during periods of low volume feed 
and when refinery process operations 
are shut down for normal maintenance. 


FIGURE 2.—Phenol oxidation basin. 


Aeration unit in foreground. 
Operating Experience 


These modified activated sludge fa- 
cilities were placed in operation in 
November 1953, in time to treat the 
first waste waters from the refinery. 
Two tank-truck loads of concentrated 
bacterial sludge were obtained from 
the Dow Chemical Company waste 
treatment plant at Midland, Mich., for 
initial seeding. Bacterial oxidation of 
phenol began within the first few 
hours. 

Experience during the first two 
years of operation indicates that an 
average phenol content in the process 
waste feed of 130 lb. per day can be 
oxidized satisfactorily. Daily loadings 
as high as 200 lb. of phenol have been 
removed with no loss in efficiency. 
Numerous mechanical difficulties and 
variations in feed-water quality inter- 
fered with continuous efficient per- 
formance of the bio-oxidation unit dur- 
ing the first year of operation. High 
alkalinity and sulfide concentrations 
in the feed water have been corrected 
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by the recently installed flue-gas strip- 
ping tower. Excessive sulfides form- 
erly exerted a high chemical oxygen 
demand on the system and proved 
toxie to the bacterial colony. 

Efficient operating conditions in- 
clude a bacterial sludge volume index 
of 4 to 6 per cent, a temperature range 
of 70° to 85° F. and a pH range of 
6.0 to 9.0. The process will operate 
with a temperature as low as 60° F. 
with reduced efficiency. Steam is in- 
troduced into the oxidation basin for 
temperature control purposes through 
l-in. steel pipe coils with submerged 
exhausts. <A direct-contact 2,500,000 
B.t.u. per hour water heater has been 
installed above the surface of the basin 
as an auxiliary source of heat. 

Dissolved and emulsified oil concen- 
trations as high as 150 p.p.m., phenol 
concentrations up to 200 p.p.m. and 
sulfide concentrations up to 50 p.p.m. 
have had no pronounced harmful effect 
on biological activity, although higher 
values could seriously injure the bac- 
terial sludge. A high oil content in 
the feed water, although apparently 
not toxic to the organisms, is adsorbed 
on the biological floe and floats the 
mixture to the surface of the basin, 
thereby removing organisms from the 
oxidation process. It is believed that 
some oil is partially oxidized. 

As with most activated sludge treat- 
ment processes, it has been found im- 
portant to avoid sudden or shock 
loadings. The organisms in the oxida- 
tion basin can remain inactive for sev- 
eral days under adverse conditions, 
then regain their former activity with 
the return of normal temperature and 
food supply. The hardiness of the bac- 
terial colony is best exemplified by the 
fact that reseeding of the unit with 
sludge from a sewage treatment plant 
has been required only once since the 
original start up. This resulted from 
a scheduled refinery maintenance shut 
down. During other periods, when re- 
finery units were not operating and 
there was no continuous flow of waste 
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process water, mixed liquor was re- 
circulated at the oxidation basin and 
chemical-grade phenol was used to con- 
tinue the food supply to the micro- 
organisms. 

Air requirements of the aeration ba- 
sin are supplied by 40 jet eductors 
mounted above the floor. Each 
eductor supplies 50 lb. of oxygen or a 
total of 2,000 lb. per day to the waste 
water to oxidize an average of 130 Ib. 
per day of phenol (maximum 350 Ib. 
per day). This load is considerably 
in excess of the theoretical stoichio- 
metric ratio of 2.4 to 1.0. The aera- 
tion tank loading is equivalent to 4 
Ib. of phenol per 1,000 cu. ft. of tank 
volume. The applied air rate is 
equivalent to 0.1 cu. ft. per minute 
per square foot of aeration surface. 
Total power requirements of the pumps 
and blower amount to 60 h.p. 

When the problems of temperature 
and influent characteristics are con- 
trolled, operation of the biological 
treatment unit produced a continu- 
ously satisfactory effluent. A summary 
of average, maximum and minimum 
phenol contents of the biological treat- 
ment unit influent, effluent and final 
combined refinery discharge is given 
in Table I. As evidenced herein, good 
operation is characterized by a better 
than 96 per cent removal of phenols. 

One of the remaining operating diffi- 
culties is the continuing use of the 
rectangular oil-water separator as the 
secondary biological sludge settling 
tank. This equipment is over-sized 
and not conventional design for bac- 
terial floc recovery. Although oxida- 
tion efficiency is not seriously affected, 
a suitably designed replacement tank 
is under consideration. 


Costs 


The approximate first cost of the new 
facilities was $40,000. This does not 
include the value of the previously in- 
stalled equipment including the proc- 
ess separator, collecting sewer system 
and the secondary settling tank, nor 
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TABLE I.—Activated Sludge Plant Operation Data*, Sarnia Refinery, Sun Oil Co. 


September, 1956 


Plant Influent 


Item 

Max. Min. 

Flow (g.p.m.) 250 150 

H 9.2 8.2 

Sulfides (p.p.m.) 65 2 
Sulfides (Ib./day) 156 5 | 
Phenols (p.p.m.) 98 25 
Phenols (Ib./day) 235 60 


Plant Effluent 

Avg. Max. Min. | Avg. Avg. 
200 250 150 | 200 — 
8.7 8.1 67 | 75 | — 
43 0 0 0 100 
54 4.5 0.4 1.9 — 

130 11 1 4.5 96.5 


does it include the recently installed 
sulfide stripping tower. 

Annual operating and maintenance 
expenses for the biological oxidation 
unit for 1955 are summarized as fol- 
lows: 


Operation $3,000 
Maintenance 5,800 
Electric power 4,200 
Steam 6,000 
Total $19,000 
Cost of phenol removed, $/Ib. 0.45 


The unit cost of $0.45 per pound of 
phenol removed is considered moderate 
when compared with alternate chemi- 
eal treating and incinerating pro- 
cedures. Following this initial opera- 
tion period, maintenance expense and 
annual steam consumption are ex- 
pected to decrease, resulting in lower 
unit costs. 

The two years of operation of the 
Sarnia unit indicates that the activated 
sludge process is applicable to refinery 
waste waters. Despite early operating 
difficulties, the equipment has dis- 
played good reliability and efficiency 
when supplied with a consistently ac- 
ceptable feed water. The simplicity of 
initial construction and the relatively 
low first cost and annual operating ex- 
pense represented a satisfactory solu- 
tion to the refinery organic pollution 
problem. 


Imperial Oil, Limited 


In April 1954, Imperial Oil, Ltd., 
began operation of an activated sludge 


* Data based on January-February, 1956, operation. 


plant at its Sarnia, Ontario, refinery. 
The installation was designed to treat 
245 g.p.m. of waste water containing 
800 lb. per day of phenolics. The 
treatment facilities consist of a 50-ft. 
diameter aerator-clarifier unit * and a 
30-ft. diameter trickling filter oper- 
ated in parallel. The bulk of the oxi- 
dation occurs in the aerator-clarifier, 
which acts as both an aeration and 
clarification tank. The filter is de- 
signed to receive 10 per cent of the 
waste feed and serve as a seeding 
source in case of activated sludge loss. 
Feed to the treatment unit is processed 
through a flue-gas stripper to reduce 
alkalinity and pH. Figure 3 shows a 
schematic flow diagram of the waste 
treatment plant. 

Waste water and air are introduced 
into the aeration unit through a central 
aeration and distribution zone where 
they are continuously mixed with the 
activated sludge. The mixed liquor is 
circulated from the aeration zone to 
the clarification section where the 
treated liquid is separated and dis- 
charged. A mechanical gas disperser 
distributes approximately 900 c.f.m. of 
air through the aeration zone. The 
oxygen transfer rate in the aeration 
tank is approximately 10 per cent and 
the solids content of the central draft 
tube is 2 per cent by weight. 

This treatment plant removes more 
than 99 per cent of the phenolic ma- 


* Aero-Accelator, manufactured by Infileo 
Ine. 
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FIGURE 3.—Schematic flow diagram of the biological oxidation plant, Imperial Oil, Ltd., 
Sarnia, Ontario. 


terial with loadings in excess of 700 
Ib. per day. Early operation was 
characterized by difficulties similar to 
those encountered at the Sun Oil Co. 
plant. Reduction of the high alka- 
linity and sulfide concentrations in the 
feed water resulted in efficient opera- 
tion. 

Initial seeding with sludge from the 
Dow Chemical Co. started the original 


biological colony. Experience indicates 
that the trickling filter installed for 
reseeding purposes is not necessary, as 
sludge from a sewage treatment plant 
has provided satisfactory reinocula- 
tion following upset conditions. Satis- 
factory feed-water quality includes 
less than 50 p.p.m., sulfides, negligible 
hydroxide alkalinity and a pH below 
9. 
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Alterations contemplated for the 
bio-oxidation unit include installation 
of a new 25,000-bbl. holding tank for 
equilization of feed water and a pre- 
aeration tank supplied with 300 c.f.m. 
of air for removal of free oil and excess 
sulfides (9). Additional operating ex- 
periences with this plant are described 
in the literature references (7)(8). 


General Petroleum Corporation 


The new Ferndale, Wash. refinery 
of General Petroleum Corporation in- 
cludes an activated sludge plant 
utilizing two 27.5-ft. diameter aerator- 
clarifier units operated in parallel. 
This plant was constructed in 1954 to 
treat 720 lb. of phenol per day at a 
waste flow of 300 g.p.m. (200 p.p.m.) 
The phenol loading has since increased 
to 330 p.p.m. (10). The plant also 
includes two external sludge aeration 
basins equipped with air diffusers, a 
flocculation basin, a sludge thickener 
and a floating-cover sludge digestion 
tank. 

The raw waste water from the de- 
salter, overhead accumulators and 
knock-out drums is first passed through 
a separator for free oil removal and 
then to a 10,000 bbl. surge tank for 
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equalization. Chemical flocculation 
with alum, lime and activated silica 
removes residual emulsified oil. Fer- 
rous sulfate can be used for sulfide 
precipitation. The supernatant water 
then flows to preaeration basins where 
600 c.f.m. of air is added to the fresh 
feed and the recycle sludge. The 
mixed liquor passes to the aerator 
units which are rated at 300 g.p.m. 
each (including 150 g.p.m. of recycled 
waste to each). Air is added at the 
rate of 300 c.f.m. A small stream of 
settled sludge from the bottom of each 
aeration unit flows to a sludge thick- 
ener. The concentrated sludge is then 
pumped to an anaerobic digestion 
tank. Sludge is periodically with- 
drawn from the digester for drying. 
The separated water from the sludge 
thickener is returned to the mixed 
liquor stream. The treated effluent 
from the aeration-clarifier units can be 
discharged by gravity either to the 
catchment basin or to deep water. A 
diagrammatic flow sheet of the treat- 
ment plant is shown on Figure 4. This 
plant produces a astestnctony effluent 
containing between 1 and 2 p.p.m. of 
phenol when the feed water character- 
istics are acceptable. 
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FIGURE 4.—Biological oxidation unit flow diagram, General Petroleum Corp., 
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Operating difficulties encountered 
during the first year of operation were 
similar to those encountered by the 
Sun Oil Co. and Imperial Oil Co. 
treatment facilities. They included 
high concentrations of sulfides, oil and 
surges of phenolic material. Any one 
or a combination of these objectionable 
feed concentrations can temporarily 
throw the oxidation unit out of bal- 
ance. 


Other Oxidation Units 


The Shell Oil Company has con- 
structed extensive waste treatment fa- 
cilities including an activated sludge 
unit at its Anacortes, Wash., refinery. 
However, the plant has only recently 
been placed on stream and operating 
information is not yet available. 

Canadian Oil Company, Ltd., is now 
completing construction on a 27.5-ft. 
diameter aerator-clarifier unit at its 
Corunna, Ontario, plant. The unit is 
designed for a waste flow of 75 g.p.m. 
and a phenol load of 150 lb. per day 
(180 p.p.m.). 


Conclusions 


Biological treatment has become an 
established process for the removal of 
phenols and other organic material 
from oil refinery waste waters. A\l- 
though this type of operation is highly 
sensitive and subject to variations in 
influent concentrations, high removal 
efficiencies can be achieved with proper 
conditioning of the feed water. 

Activated sludge has been selected 
by refiners for the first industry in- 
stallations because of low initial in- 
vestment, limited space requirements, 
high oxidation efficiencies and the 
ability to stabilize biological sludge 
aerobically. The aeration process will 
undoubtedly find inereased application 
for waste water treatment in the oil 
industry. 

Oxidation by trickling filters, how- 
ever, has yet to be fully explored and 
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may offer a solution to the problem 
of variable feed characteristics. 
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BIOCHEMICAL OXIDATION OF DAIRY WASTES 


VI. Isolation and Study of Sludge Microorganisms * 


By Lenore JASEwW1czZ AND NANDOR Por@ES 


Eastern Regional Research Laboratory, Eastern 


Research Service, U 


Microorganisms are important in 
the disposal of dairy and other wastes. 
Treatment methods utilize the activi- 
ties of microbes, and conditions satis- 
factory for growth and reproduction 
must be considered in designing dis- 
posal units. For example, a simple 
treatment of dairy waste by rapid bio- 
chemical oxidation (13) was devel- 
oped from laboratory aeration studies 
in which the activities of the sludge 
microorganisms were followed. The 
reduction in oxygen demand was shown 
to occur in four phases (14). First 
there was the removal or purification 
of soluble substances; concomitantly, 
there was storage of material in the 
sludge cells; then there occurred oxi- 
dative conversion of stored material to 
cell material; and finally, endogenous 
respiration digested the cell material. 

Interest concerning the organisms 
that have the ability to rapidly reduce 
oxygen demand and to cause these 
changes in aerated sludge-milk mix- 
tures led to the study presented herein. 
Investigations were specifically di- 
rected toward isolating and identifying 
the microorganisms most prevalent in 
an aerated dairy sludge that had been 
continually used in the laboratory. 
The original seed, obtained from an 
aerobic process at a local dairy, was 
propagated in the laboratory by daily 
simulated milk-waste feedings. 

Although the biology of waste dis- 
posal systems has been studied, little 
is known about the organisms associ- 
ated with the aerobic disposal of dairy 


*Part V appeared in THIS JOURNAL, 25, 
2, 201 (Feb., 1953). 


Utilization Research Branch, Agricultural 
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waste. Hotchkiss (9) made bacterio- 
logical studies of raw sewage and of 
effluents from the Imhoff tank, filter 
beds, and settling beds of a municipal 
sewage treatment system and classified 
the bacteria according to their physio- 
logical activity such as proteolytic, 
sulfur cycle, and nitrogen cycle forms. 
Gaub (6) enumerated and identified 
the bacteriological population of a sew- 
age treatment plant and showed the 
predominance of intestinal forms. 
Studies of sewage purification con- 
ducted by Butterfield (3), Butterfield, 
Ruchhoft and McNamee (4), and 
Wattie (16) emphasized the import- 
ance of zooglea-forming bacteria in 
activated sludge. Five floc-producing 
bacteria were identified by McKinney 
and Horwood (12) in activated sludge. 
Calaway, Carroll and Long (5) en- 
eountered 14 species of heterotrophic 
bacteria in an intermittent sand filtra- 
tion study. Species of Flavobacterium 
and Bacillus were present throughout 
the system. The latter were extremely 
active in the breakdown of carbohy- 
drates and proteins. 

The first systematic study of organ- 
isms isolated from artificial creamery 
wastes maintained both aerobically 
and anaerobically was made by Levine 
and Soppeland (10). Although this 
was not a biological survey of a spe- 
cific waste disposal system, it was an 
early elucidation of the role of various 
species in the purification of milk 
wastes. Thirty-six species were de- 
scribed, all aerobic or facultative in 
oxygen requirements. In the absence 
of air, the growth of acid producers 
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was favored, while in an abundance 
of air, proteolytic forms abounded. 
Levine and Watkins (11) subsequently 
studied organisms at different depths 
in a trickling filter receiving creamery 
wastes with respect to their abilities 
to utilize lactic acid. Although many 
species were strong acid producers or 
acid destroyers, many other forms 
present subsisted only on the end- 
products of lactic acid decomposition. 
A survey by British workers of organ- 
isms in a double-filtration sewage 
treatment plant indicated the presence 
of only a few isolated filaments of 
fungi in the activated sludge ; however, 
19 species of fungi and 7 species of 
yeast were found on the filtering me- 
dium. A detailed table describes 33 
species of bacteria isolated in that 
study (1), but the organisms are not 
identified. 


Isolations from Laboratory Aerator 


Laboratory studies were conducted 
in an aerator which had been operating 
for about six months on daily charges 
of 18 1. of synthetic waste solutions 
containing 1,000 p.p.m. of dried skim 
milk. Treatment was effected by vigor- 
ous agitation of the sludge-milk mix at 
30° C. with forced aeration of one vol- 
ume of air change per volume of waste 
per minute. The effluent had been 
showing a chemical oxygen demand 
(C.0.D.) reduction of 50 per cent (8) 
and had a rapidly settling sludge with 
a very clear supernatant. Dilutions of 
the aerating mixture were made the 
third day after feeding stopped. One- 
milliliter amounts of dilutions to cover 
the 10-° to 10°*° range were plated on 
a nutrient agar medium containing 
0.1 per cent skim milk. After three 
days incubation at 30° C., all the 
colonies from the 10-* dilution plates 
were counted, picked and inoculated 
into nutrient broth containing 0.1 per 
cent skim milk. Sixty-three bacterial 
isolations were made from two plates 
of this dilution giving a count of 3.2 
x 10° viable organisms per milliliter. 
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Each isolate was purified by the loop 
dilution method prior to initiating 
morphological and physiological stud- 
ies. The techniques and methods de- 
scribed in the ‘‘Manual of Methods for 
Pure Culture Study of Bacteria’’ (15) 
were followed. Identifications were 
made by comparing these results with 
the properties listed in ‘‘ Bergey’s Man- 
ual of Determinative Bacteriology ’’ (2). 


Bacteria in Aerated Endogenous 
Sludge 


Table I itemizes some characteristics 
of the bacteria isolated from the endog- 
enous sludge at the 10-* dilution. The 
physiological properties listed were 
chosen for their application to dairy 
waste decomposition studies. Other 
extensive identifying tests included 
observation of colony morphology, 
characteristic agar slant growth pat- 
terns, motility and spore formation; 
utilization of sucrose, glycerol, manni- 
tol and xylose; liquefaction of gelatin ; 
hydrolysis of starch; and production 
of hydrogen sulfide, color, indole and 
acetyl-methyl-carbinol. These results 
are not reported because of their rela- 
tive unimportance once identifications 
have been made. 

After the data in Table I were com- 
piled and considered it was obvious 
that the isolated organisms could not 
be those primarily responsible for the 
removal and oxidation of solids from 
milk wastes. Of the 16 species found, 
only one specie grew on casein as evi- 
denced by halo formation on milk agar 
plates. Yet casein is a major constitu- 
ent of skim milk and, under vigorous 
aeration, is oxidized as rapidly as lac- 
tose (13). The three organisms that 
produce an alkaline reaction in milk 
probably produce ammoniacal sub- 
stances by breakdown of proteins other 
than casein. The few that produce 
acidity in milk also produce acid from 
lactose. However, such acid produc- 
tion is not observed or is masked dur- 
ing oxidation by aerated sludge. It is 
interesting to note that the bacteria 


\ 
ig 


1132 


that use lactose can also use glucose. 
On the other hand, all glucose utilizers 
cannot assimilate lactose. Information 
on starch hydrolysis is also presented 
as this carbohydrate may find its way 
into some dairy wastes. Various ba- 
eilli have this ability. The oxygen 
requirements of the isolates are as ex- 
pected. All but three organisms are 
highly aerobic; two are able to grow 
with less oxygen and are called micro- 
aerophiles; one, able to grow either in 
the presence or absence of oxygen, is a 
facultative anaerobe. 

It appeared possible that the condi- 
tions of growth of the aerated endoge- 
nous sludge favored only those or- 
ganisms that were isolated at this high 
dilution. At lower dilutions, many 
other organisms may have been found, 
and, possibly, their growth could be 
favored by the conditions that exist 
during rapid assimilation of milk. 
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Bacteria in Actively Assimilating 
Aerated Sludge 


In preparation for the isolation of 
bacteria from the actively assimilating 
milk-sludge mix, the endogenous sludge 
was propagated by daily additions of 
skim milk solution. In the interval of 
time required for the identifications, 
other types of experiments were con- 
ducted, but temperature, aeration and 
agitation remained essentially the 
same. Several weeks later studies of 
the nature of this bacterial phase were 
begun. A sample of sludge was re- 
moved about 4 hr. after a one-dose 
feeding of a one-tenth per cent dried 
skim milk solution. It was at this 
point that maximum purification had 
been observed in previous studies (7). 
Plate isolations were made on skim 
milk nutrient agar followed by the ex- 
tensive tests necessary for identifica- 


TABLE I.—Identification and Properties of Bacteria Isolated from Aerated Endogenous Sludge 


Oxygen 


Genus and Species Requirements 


Achromobacter 
lig u efaciens 
Alcaligenes 
faecalis 
faecalis var. 
mariense 
viscosus var. 
dissimilis 
Bacillus 
circulans 
Jirmus 


Aerobic 
Aerobic 
Aerobic 
Aerobic 


Aerobic 
Aerobic 


Aerobic 
Microaerophilic 


lentus 
rubricus 
Flavobacterium 
invisible 
Micrococcus 
candidus 
cinnabareus 
flavus 
pyogenes var. 
albus 
varians 
Pseudomonas 
eisenbe rgit 
oleovorans 


Aerobic 


Aerobic 
Microaerophilic 
Aerobic 


Facultative 
Aerobic 


Aerobic 
Aerobic 


Alkaline 


| None 
None 


Acid, reduction 
Acid, reduction, 


I 


Acid 
Alkaline 


None 
None 
Alkaline 
Acid 


| Acid, coagulation 
Acid 


| None 
None 


Acid Production 


Growth Starch 


Hydrol- 
ysis 


Litmus Milk 

Glucose 
Broth 


Lactose 
Broth 


veptonization 


++ 


| 


++ ++ +++ 4+ 


3 

a 

| 

“ied } — | | None | — _ + | + 

| - | - - 

| 

| | | 
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| | | - 
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TABLE II.—Identification and Properties of Bacteria Isolated from Actively Assimilating Sludge 
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Oxygen 


Genus and Species Requirements 


Action on 
Litmus Milk 


Acid Production 


Lactose 
Broth 


Glucose 
Broth 


Bacillus 
brevis 
cereus 
jirmus 
laterosporus 
lentus 
pasteu rit 
Bacterium 
healii 
linens 
Corynebacterium 
bovis 
Flavobacterium 
aquatile 
breve 
suaveolens 
Microbacterium 
liquefaciens 
Micrococcus 
aurantiacus 
Pseudomonas 
aeruginosa 


Aerobic 
Microaerophilic 
Aerobic 
Facultative 
Aerobic 
Aerobic 


Microaerophilic 
Aerobic 


+ ++ +4+4+4+44+ 


Aerobic 


Facultative 
Aerobic 
Aerobic 


Aerobic 
Facultative 


Aerobic 


Alk. ; pept. 
Alk.; pept. 
Alk. ; pept. 
Alk. ; pept. 
Slightly acid 
Slightly alk. 


Acid, alk.; pept. 
Alk.; pept. 


Slightly alk. 
Slightly alk. 


Slightly alk. 
Alk. ; pept. 


Alk.; pept. 
Slightly acid 


Alk. ; pept. 


tion. Fifty-two isolations were ob- 
tained from two plates giving a count 
of 2.6 x 10° viable organisms per milli- 
liter. 

Table Il summarizes pertinent in- 
formation. All of the 16 species into 
which the 52 isolates were classified 
acted on milk. The majority of these 
species grew on casein, but only three 
produced acid from lactose. Bacillus 
firmus was the only organism present 
to utilize both casein and lactose. 
Most of the starch digesters were found 
in the genus Bacillus. Of those organ- 
isms isolated all were rods except for 
a single micrococeus. A complete 
change in the flora occurred from that 
found in the endogenous study re- 
ported in Table I. 


Discussion 


It must be emphasized that these 
studies, though made on the same 
sludge, were not made on consecutive 
days. An interval of several weeks 
separated the first study from the sec- 


ond, a period of time during which the 
changes obviously were taking place 


gradually. Furthermore, since sterile 
conditions were not maintained, the 
change in population may have re- 
sulted from contamination. Yet, there 
are points of interest. 

Contrary to expectations, the total 
number of organisms found during 
assimilation was somewhat less than 
the number found in the endogenous 
phase (2.6 x 10° for the former as 
compared to 3.2 x 10° for the latter). 
However, as shown in Table III, there 
was a change in the type of organisms. 
Of the total bacteria counted during 
the assimilative phase, 74 per cent were 
members of the genera Bacillus and 
Bacterium. These genera accounted 
for only 8 per cent in the endogenous 
period. It may be speculated that 
these are the organisms responsible for 
the high purification rate and the abil- 
ity of the sludge to remove and store 
oxygen-demanding substances (14). 
Bacterium linens alone accounted for 


Growth |__| starch 
on 
| 
| 
| + 
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TABLE IlI.—Bacteria in Aerated 
Skim Milk Sludges 


Genera 
Achromobacter 2 
Alcaligenes 26 = 
Bacillus 8 31 
Bacterium 43 
Corynebacterium 6 


Flavobacterium 34 s 


Microbacterium | — 6 
Micrococcus 14 2 
Pseudomonas 16 4 
40 per cent of the total number. 


Bacillus cereus was also present in 
large numbers. Only three organisms 
appear to have the ability of breaking 
down lactose, while the others utilize 
the breakdown products of lactose, glu- 
cose and galactose. 

During the endogenous phase, other 
organisms seem to predominate. Of 
the organisms isolated, 42 per cent 
were Alcaligenes and Pseudomonas, 
most of which are strongly proteolytic ; 
48 per cent were saccharolytic, either 
Flavobactertum or Micrococcus. 

The only organisms found common 
to both phases of this laboratory waste 
treatment were Bacillus firmus and 
Bacillus lentus. Both these aerobes 
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actively ferment milk and _ lactose. 
Flavobacterium and Pseudomonas spe- 
cies were represented in both phases 
but not by the same species. 


Fungi and Yeasts 


Fungi and yeasts were not present 
on the agar plates from the assimila- 
tive phase at the high dilutions used. 
On the other hand 9 fungi and yeasts 
were isolated from the endogenous 
phase. Since no attempt was made to 
prevent contamination of the fer- 
mentor, it may be possible that these 
are chance contaminants. Six of the 
isolated organisms were the same 
fungus, two were red-pigmented yeasts 
and one was a white yeast. 


Protozoa and Other Living Organisms 


Protozoa are generally assumed to 
be important members of waste dis- 
posal biota. The nonbacterial forms 
existing in dairy waste sludge culti- 
vated under laboratory conditions of 
vigorous agitation and aeration were 
examined. This sludge had been fed 
a skim milk solution daily for about a 
week. A 200-ml. sample (No. 1) was 
removed prior to feeding; 4 hr. later 
another sample was taken (No. 2); 24 
hr. after feeding the third sample was 


| 
Blue-green algae (Myzxophyceae) 
Chroococales | 
Gloeocapsa 3.5 to 7 1, 2,3 13 
Microcystis to 60 1, 2,3 15 
Hormogonales 
Phormidium 30 (10 cells) 123 1 Filament 
Diatom (Bacillarieae) 
Pennales 
Cymbellaceae 18 3 1 
Protozoan (Ciliata) 
Spirotricha 24 X 26 1 2 
Nematode (Aschelminthes) 
Nematoda 432 X 24 1 1 
360 X 24 3 1 
Rotifera 
Lecane 150 to 180 1 188 
2 174 
3 174 
Unidentified (2 species) Sparse 
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taken (No. 3). Each 200-ml. sample 
was preserved by adding 10 ml. of com- 
mercial formalin. 

Table IV gives a compilation of the 
results obtained. There were no 
marked qualitative differences in the 
populations composing each sample. 
All samples were characterized by the 
same predominant forms. The blue- 
green algae were equally distributed 
in each of the three samples. Like- 
wise, a rotifer of the genus Lecane 
was found in practically equal num- 
bers in all samples and was the most 
predominant of the species detected. 
Protozoa were present in limited num- 
bers in sample No. 1, but were not 
observed in the other samples. Forma- 
lin may have destroyed the structure 
of other protozoa present but unde- 
tected. A diatom and a nematode 
were also reported. 

Apparently, the highly aerobic en- 
vironment of the laboratory aerator 
simulated the healthy conditions of 
clean streams. With the exception of 
the blue-green algae which can thrive 
under conditions of pollution, most of 
the organisms found were those usually 
associated w -h a clean stream. In 
fact, the presence of 50 per cent or 
more of the forms not tolerant to pol- 
lution indicates a clean stream (17). 
Thus, a properly aerated tank pre- 
cludes the growth of biota associated 
with pollution. 


Summary 


Investigations into the microbial na- 
ture of laboratory-aerated dairy waste 
sludge resulted in several interesting 
observations. A quantitative compari- 
son of the numbers of bacteria present 
in a well aerated three-day endogenous 
sludge versus a thriving, recently-fed 
sludge actually showed more bacteria 
present under starving conditions. 
Expectations were for a greater popu- 
lation under the ideal growth and 
multiplication conditions offered within 
the first 4 hr. after feeding. 

Qualitatively, a complete change in 
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the bacterial flora was observed in the 
same sludges. At the dilution studied, 
endogenous material yielded primarily 
those forms associated with air, water 
and sewage bacteriological studies. 
There were no evidences of the typical 
water pollutants, 2. coli or A. aero- 
genes, but members of the genera 
Alcaligenes, Flavobacterium, Pseudo- 
monas and Micrococcus were present. 

Analysis of the actively assimilating 
sludge organisms gave a totally differ- 
ent picture. Members of the genera 
Bacillus and Bacterium predominated, 
and many of the species were those 
natural to dairy product habitats. 
The radical differences in bacterial 
flora of the two samples, one taken at 
the peak of nourishment and the other 
long after the onset of starvation, seem 
to constitute a study in extremes. 
Samples taken at more frequent inter- 
vals would probably have shown that 
the bacterial flora changes gradually. 
As suitable conditions and substrate 
become available, dormant species 
flourish and become predominant. 

Microscopic studies of the nonbac- 
terial biota were made on three sam- 
ples of the laboratory sludge. There 
were negligible differences in the total 
counts of samples taken at 0, 4 and 
24 hr. after feeding. Protozoa deemed 
essential in aerated sludges as de- 
vourers of excess bacteria were not pre- 
dominantly evident. On the other 
hand, a multicellular animal, the roti- 
fer Lecane, was the single specie found 
most numerous. 

The great majority of highly aerobic 
bacterial and other biota forms de- 
tected as related to the comparatively 
few algal and protozoal forms was a 
good indication of the desirable condi- 
tions of aeration existing in the labora- 
tory dairy waste disposal system ex- 
amined. 
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THE ASSIMILATION BEHAVIOR OF CERTAIN TOXIC 
ORGANIC COMPOUNDS IN NATURAL WATER 


By A. B. Cuerry, A. J. Gasaccta, anp H. W. SENN 


Industrial Waste Department, Lederle Laboratories Division, American Cyanamid Company, 
Pearl River, N. Y. 


The problem of controlling the in- 
dustrial pollution being discharged 
into the natural waters of the United 
States is one that evokes the interest 
and concern of the specialist and lay- 
man alike. This situation has been 
particularly true over the past decade. 
During this time, the collective minds 
of science and industry have developed 
and manufactured a great variety of 
new products, complex of nature, but 
geared to simplifying the tasks and 
enhancing the standards of everyday 
living. It is difficult to realize that 
many of these new advances, which 
have proven such boons to society, 
ironically carry along with them cer- 
tain definite and serious threats. 

The organic chemical industry is 
constantly producing new products 
which create new types of pollutants. 
Since the physical and chemical prop- 
erties of these pollutants vary widely 
and often contain substances which 
are new to nature, the problem of pol- 
lution control becomes quite complex. 
A number of these compounds are 
known to be toxic, but the information 
available on others is quite meager. 
Some are discharged in concentrations 
well below those considered objection- 
able when appraised by the normal 
standards of stream sanitation. Be- 
cause of the diversity of the organic 
chemical industry’s waste waters, an 
adequate appraisal of their pollu- 
tional significance is often difficult. 
Realistic judgment of the pollution 
* Presented at 1956 Annual Meeting, New 
Jersey Sewage and Industrial Wastes Assn.; 
Atlantie City, N. J.; Mar. 14-16, 1956. 


problem from such plants requires 
techniques of effluent examination 
specially devised for this industry. 
The procedures normally employed in 
the examination of sewage require 
modification. 

It has been established that sanitary 
sewage is made up primarily of pro- 
tein material, carbohydrates, fats and 
urea, and is fairly constant in its 
composition. It can be easily oxidized 
because these constituents are found 
in nature and a wide variety of micro- 
organisms capable of utilizing the or- 
ganie food in sewage as a source of 
energy and growth has been developed. 
The story can be decidedly different 
with some industrial wastes, many of 
them containing organic chemicals 
which are not readily attacked bio- 
logically. The difficulty experienced 
in treating these compounds lies in the 
fact that because they are so rare in 
nature, organisms able to utilize these 
materials as food are not numerous in 
the soil and natural water. These 
necessary organisms must be developed 
if a valid estimation of the pollutional 
characteristics of a chemical manu- 
facturing plant waste is to be ob- 
tained. To arrive at this evalution, a 
method should be employed which can 
form a basis for the determination not 
only of the B.O.D., but also for de- 
termining the safe level of discharge 
into natural waters of the pollutants 
under study. This method should 
also consider, if possible, the toxicity, 
fertilization and physical change fac- 
tors as well. 

The behavior of several complex or- 
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discussed in this paper. Studies were 
undertaken in order to provide Ameri- 
can Cyanamid Co. designing engineers 
with specific data on certain current 
stream pollution problems. 


Historical Background 


In recent years a great deal of in- 
terest and activity has been centered 
around the disposal and treatment 
difficulties connected with the dis- 
charge of synthetic organic chemicals. 
In 1949, Heukelekian developed a 
method of biological oxidation com- 
monly referred to as ‘‘dispersed seed 
aeration.’’ This process consisted es- 
sentially of developing a dispersed bio- 
logical growth from a fresh soil in- 
noculation, and then aerating certain 
strong, soluble, non-toxic organic 
wastes in the presence of these non- 
floceulent growths (1). Subsequently, 
Lamb and Jenkins (2) presented a 
paper based on long-term B.O.D. data 
for synthetic organic materials. The 
results of their work led them to con- 
clude that these synthetic compounds 
were not attacked biochemically in the 
same manner as sanitary sewage, and 
that an acclimated seed was required 
in order to properly determine the 
B.O.D. However, they did not find 
river-water samples to be a reliable 
source of seed or dilution water for 
their biochemical analyses. Additional 
information relating to the use of the 
dispersed seed aeration method in ob- 
taining long-term B.O.D. and toxicity 
values was presented by Mills and 
Stack (3). 

At various times, both in the United 
States and abroad, investigations were 
carried out to examine the properties 
and behaviors of cyanogenic wastes. 
Daugherty and Garrett (4) established 
tolerance values for acrylonitrile and 
lactonitrile. Renn (5) established es- 
sentially the same relationships for 
these chemicals and found that fin-fish 
used in the bioassay tests could toler- 
ate an acrylonitrile-N level between 10 
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and 18 p.p.m. In England, Ware and 
Painter (6) isolated a bacterium which 
eould utilize as food cyanide concen- 
trations up to 150 p.p.m. 

Later, Mills and Stack (7) presented 
another discussion which included a 
procedure for the acclimation of micro- 
organisms. This study was to deter- 
mine if mixed cultures and the associ- 
ated enzymes could be developed when 
the feed material consisted only of the 
organic substance being studied and 
the inorganic materials necessary as 
growth factors. The matrix was a 
river-water sample taken some distance 
downstream from the chemical efflu- 
ent discharge point. At the location 
chosen, it was estimated that some ac- 
climation of the normal stream organ- 
isms might be expected. The final 
evaluation of any culture which de- 
veloped was based on the ability of 
that culture to oxidize the specific or- 
ganic material in a B.O.D. determina- 
tion. 

It was decided to use the Mills and 
Stack procedures with appropriate 
modifications. The determination of 
an exact B.O.D. value was of second- 
ary interest. The primary concern was 
to establish the safe level of discharge 
into natural waters of the pollutants 
assigned for study. These were acry- 
lonitrile (AN), acrylamide monomer 
(AMD) and oxydipropionitrile (ODP). 


Techniques and Procedures 


The stream problem presented by 
these wastes could be divided into 
three separate categories: 


1. Effect of possible interference 
with biological treatment processes, 

2. Effect on aquatic life in the re- 
ceiving streams, and 

3. Effect on downstream potable wa- 
ter supplies. 


Expanding upon these phases, the 
following points were considered: 


1. Do these pollutants create a 
threat to treatment plant biota? 
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2. What is the effect of these com- 
pounds on the higher levels of stream 
aquatic life? 

3. If natural forces in the receiving 
stream would alter the pollutants so as 
to render them non-toxic, then the 
difficult problem of cumulative tox- 
icity in downstream public water sup- 
plies would be avoided. 


Direct testing methods for many of 
the chemicals studied were either not 
fully developed, or else the laboratory 
was not equipped to carry them out 
with sufficient accuracy. In lieu of a 
direct analysis for the compounds un- 
der examination, a modified ‘‘Stand- 
ard Methods’’ C.O.D. analysis was 
used as an indicator test. Pursuant 
to the investigation at hand, the fol- 
lowing procedures and _ techniques 
were employed: 


1. The C.O.D. value of the pure com- 
pound was first determined. 

2. Water samples were withdrawn 
from the Hackensack River prior to its 


entrance into the impounding reser- 
voirs of a potable water supply, and at 
a point which was located above any 
significant source of man-made pollu- 
tion. 

3. The samples were filtered in the 
laboratory to remove any gross par- 
ticulate matter, and then placed in 
9-1. bottles. Each container held 8 1. 

4, The air to all the bottles was first 
bubbled through a saturated sodium 
hydroxide solution, and then through 
a water bath (Figure 1). Filtration 
through cotton completed the steps of 
preparing the air for use in the ex- 
periments. 


Aeration of the bottles was effected 
by bubbling air through the water at 
a rate of about one bubble per second. 
The exhaust air was normally per- 
mitted to escape through an open glass 
tube, except in those experiments 
which required sterilized coutrols. 
Then the exhaust air in the control 
bottles was taken out through non- 
absorbent cotton plugs. 
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Water Cotton 
Wash ‘Filter 


Caustic 


Container 


FIGURE 1.—-Schematic diagram of stream 
assimilation apparatus. 


5. When the bottles were in place 
(Figure 2) the test chemicals were 
added at predetermined concentra- 
tions. Normally, all test concentra- 
tions were set up and run in duplicate. 

6. Inorganic nutrient materials 
were also added to supply the stream 
organisms with a favorable environ- 
ment. The quantities of these nu- 
trients were based on the C.O.D. 
strengths in each container. One part 
phosphorus as P was added for each 
100 p.p.m. of C.0.D. Reagent grade 
potassium mono-basic phosphate was 
used. One part nitrogen as N was 
added for 10 to 15 p.p.m. of C.0.D. 
Reagent grade ammonium sulfate was 
used. 

7. The pH of the test bottles was 
normally maintained between 6.0 and 
8.0 by adjustment with sulfuric acid 
or sodium hydroxide, unless the na- 
ture of the material under investiga- 
tion required closer pH control. 

8. The tests were conducted at nor- 
mal laboratory ambient temperatures. 


C.0.D. Results 


The C.O.D. test modified to fit the 
conditions of the experiments was the 
major analytical tool used. Micro- 
scopic examinations were also made. 

The relationships of C.0.D. strengths 
against time for some of the chemicals 
tested illustrate the varying accepta- 
bility of the chemicals as biological 
foods. 


Wash 
Air 
Air Vent 
Tube 
Air Feed 
Control 
Sampling Test 
Siphon 
| 
4 


FIGURE 2.—Laboratory apparatus for the 
stream assimilation tests. 


Acrylonitrile 


Figure 3 shows the result obtained 
for 10 p.p.m. acrylonitrile. This is a 
syuthetic organic chemical compound, 
moderately toxic even in low concentra- 
tions, used in the manufacture of syn- 
thetic rubbers and fibers, solvents, tex- 
tiles, dyes, and paper. The length 
of initial acclimation for 10 p.p.m. 
acrylonitrile was about 20 days, and 
the C.0.D. reduction time was reduced 
after subsequent redosings, once the 
original acclimation had been effected. 
This chemical was tested at 25 and 50 
p.p.m. concentrations with similar re- 
sults. 

Due to the high volatility of acry- 
lonitrile, autoclaved samples of river 
water collected at the same time were 
dosed with this chemical to determine 
whether aeration would account for 
any reduction in the C.0.D. due to the 
dose. During the time of this test, the 
C.0.D. of the control bottles showed 
little or no change. 


Oxydipropionitrile 


Oxydipropionitrile is an unwanted 
by-product of certain acrylonitrile 
uses resulting from the union of two 
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acrylonitrile molecules with one mole- 
cule of water to form a new compound. 
It then becomes a disposal problem. 
Although it is closely akin chemically 
to acrlyonitrile, oxydipropionitrile is 
not as readily available as a biological 
food. Ninety-five days of contact time 
were required to accomplish the initial 
acclimation (Figure 4). New river 
water samples were redosed with oxy- 
dipropionitrile and seeded with water 
from the original run and the rate of 
C.O.D. reduction was again substanti- 
ally reduced. 


Acrylamide Monomer 


Acrylamide monomer is a nitrile re- 
action product of acrylonitrile, moder- 
ately toxic in low concentrations. It 
is an intermediate in the manufacture 
of floceulating and thickening agents, 
synthetic fibers and rubbers, soil con- 
ditioners, textiles, and dyes. 

Test concentrations of 10 and 20 
p.p.m. of acrylamide monomer were 
used. Figure 5 shows a concentration 
level of 10 p.p.m. of this chemical to 
be rapidly assimilated by the organ- 
isms present in natural stream water. 

Not all materials studied showed a 
decrease in C.O.D. to the practical zero 
level. Figure 6 shows the ‘‘ plateau 
effect’’ produced by a plant waste con- 
taining a mixture of complex organic 
compounds when only a portion of the 
C.O.D. was removed biologically. It 
will be noticed that the initial C.O.D. 
concentration dropped rapidly to about 
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FIGURE 3.—Elapsed time curve versus 
C.O.D. for acrylonitrile. 
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FIGURE 4.—Elapsed time curve versus C.O.D. oxydipropionitrile. 


30 per cent of its original strength. On 
subsequent redosing, the C.0.D. was 
again quickly reduced but to only about 
one-half of the original strength, stabil- 
izing at a higher level. This residual 
material remained as biologically un- 
oxidizable organic matter even after 
114 days of contact time. 


Microscopic Examinations 


Although the C.0.D. analysis was 
the primary analytical tool, the fre- 
quent use of a microscope was of in- 
estimable help. Microscopie examina- 
tions permitted insight into biological 
activity that could be obtained in no 
other way and returned more than a 
full measure of the value of time and 
materials needed. A few samples of 
photomicrographs are included to show 
how this tool may be used. 


Acrylonitrile 


Growth developed in the 10 and 25 
p.p.m. acrylonitrile test containers. 
Figure 7 shows the abundance of 
zoogleal and algal growths. At times 
it is advantageous to increase the mag- 
nification to aid in further identifica- 
tion and closer examination. The life 
range found in these test bottles was 
balanced and heterogeneous. It ran 
the gamut from bacteria and diatoms, 
to algae, protozoa, and as high as the 
rotatoria organisms. 

The assimilation curves for 50 p.p.m. 
acrylonitrile sometimes exhibited er- 
ratie results which were difficult to ex- 


plain by C.O.D. analysis alone. How- 
ever, a microscopic examination (Fig- 
ure 8) of the biota developed in the 
50 p.p.m. acrylonitrile containers 
showed a marked difference between 
this growth and the growth shown in 
Figure 7. The biota were predomi- 
nantly fungal with few other life 
forms present. This served to indi- 
eate that acrylonitrile concentrations 
at this level would not be desirable in 
astream. As a practical consideration 
in biological waste treatment processes 
or in biological assimilation by streams, 
growths as specific as these could carry 
the oxidative process along only a 
part of the total path. 


Oxydipropionitrile 


The microscope again proved a valu- 
able aid in this phase of the investi- 
gation. For about 60 days of the test 
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FIGURE 5.—Elapsed time curve versus 
C.O.D. for acrylamide monomer, 
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FIGURE 6.—Elapsed time curve versus C.O.D. for mixed waste. 


run on oxydipropionitrile no signifi- 
cant change was found in the C.O.D. 
value, and the biological growth dif- 
fered little from that shown in Figure 
9. Shortly thereafter, a marked build- 
up of diatoms began (Figure 10). 
It was on the strength of this favor- 
able sign that the test was continued. 
Gradually, other organisms became 


more numerous and the C.O.D. 


strength dropped. 


Acrylamide Monomer 


Microscopic examination of test 
bottles containing 10 p.p.m. aecryl- 
amide monomer showed the biota devel- 
oped was mixed and healthy. In 
addition, a curious type of ‘‘spined’’ 


FIGURE 7.—Zoogleal and algal growth found in test bottle containing 
10 p.p.m. acrylonitrile. 
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FIGURE 8.—Predominantly fungal growths fo 


50 p.p.m. acrylonitrile. 


FIGURE 9.—Growth found in oxydipropionitrile test bottles prior to acclimation, 


1143 
in test bottle containing 
at 


1144 


cell (Figure 11) developed only in 
mixtures of acrylonitrile and acryl- 
amide monomer. 


Other Methods 


It will be recalled that part of the 
stream problem presented by these 
wastes pertained to possible interfer- 
ence with biological treatment proc- 
esses. Where the possibility of bio- 
logical treatment was indicated or 
contemplated, the treatability of the 
wastes was qualitatively determined 
on the rotary tube filters (8). This 
apparatus (Figure 12) may be simply 
set up as a single-pass screening unit, 
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or by the inclusion of a suitable lab- 
oratory-sized pump; varying recircula- 
tion flows may be added to produce 
a more elaborate installation with 
greater flexibility. 

The acute toxicity of acrylamide 
monomer with respect to fin-fish was 
determined by Renn (9). The essence 
of his findings was that moderately 
tolerant species of fresh-water fish 
such as the black head minnow 
(Pimephales promelas) may be ex- 
pected to survive for two weeks or 
more in acrylamide concentrations of 
less than 60 p.p.m. Marked mortalities 
are likely to occur at concentrations 


greater than 1,000 p.p.m. 


FIGURE 10—Growth found in oxydipropionitrile test bottles after acclimation. 
Note presence of diatoms. 
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FIGURE 11.—Growth fo 
and acrylonitrile. 


Discussion 


Standard 5-day B.O.D. determina- 
tions were made on some of the chemi- 
cals tested, using as seed the organ- 
isms which had been developed in the 
bottle experiments. It is interesting 
to note the value and necessity for 
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FIGURE 12.—Schematic diagram of a 
rotary tube filter. 
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und in test bottles containing a mixture of acrylamide monomer 
Note “spined” cells. 


determining a B.O.D. by using an ac- 
climated seed. 


: B.O.D. C.0.D. 
Chemical and Seed (p.p.m.) (p.p.m.) 
Acrylonitrile with acryloni- 
trile see: 721,000 1,612,500 
Acrylamide monomer with 
acrylamide monomer seed 972,000 1,300,000 
Acrylamide monomer with 
acrylonitrile seed 217,000 _ 
Acrylamide monomer with 
sewage seed 168,500 _ 
Oxydipropionitrile Undetermined 


The B.O.D. determinations of aeryl- 
amide monomer, using a seed material 
acclimated to another organic sub- 
stance (acrylonitrile), yielded only 22 
per cent of the actual value as found 
with the seed developed for acrylamide 
monomer. A _ standard sewage-seed 
determination produced a value of 17 
per cent of the actual value. From this 
it may be seen that the strength of a 
new synthetic compound could un- 
knowingly be greatly underestimated. 


i 
4 
1145 
Test | Feed 
Material ='= J Pump 
Mixing 
| 
Chamber 
Tube Filter Were 
\ 


1146 


In a paper by Wyss (10) on micro- 
bial adaptation, he discusses the meth- 
ods used by microorganisms in adjust- 
ing to those conditions which challenge 
their existence. These may include 
evolutionary adaptations (mutation) 
and physiological adaptation (adap- 
tive enzyme formation). The remarks 


made in his presentation have direct 
bearing on a better understanding of 
the assimilation behavior of complex 
organic compounds in natural waters. 
It is possible that both of these adapta- 
tion processes are involved in the as- 
similation work herein reported. 


Conclusion 


The work to date indicates that cer- 
tain classes of organic chemical com- 
pounds, specifically acrylonitrile, acryl- 
amide monomer, and oxydipropioni- 
trile, may be tolerated by nature to a 
measurable degree and converted by 
natural forces into simpler and better 
understood chemical substances. This 
work has provided a basis for deter- 
mining the type and degree of effluent 
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treatment needed, and tolerable levels 
in streams. It also has practical ap- 
plication in that it provides the stream 
sanitation worker with a tool for meas- 
uring the cumulative effects of drain- 
age from certain manufacturing areas 
into recreational country. Under the 
conditions of these tests, it appears 
that the compounds studied present no 
material threat to the biological life 
in the receiving streams, provided ap- 
propriate steps are taken to keep the 
concentrations safely below tolerance 
limits. 
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VIABILITY OF SEWAGE BACTERIA IN SEA WATER 


By Geratp T. 
Assistant Professor of Civil Engineering, University of California, Berkeley, Calif. 


In assessing the efficacy of ocean dis- 
posal of sewage by dilution the sur- 
vival in sea water of sewage-borne 
intestinal pathogens and the various 
indicator organisms of sewage con- 
tamination is of considerable impor- 
tance. Factors which bear on a proper 
evaluation of this aspect of sewage 
disposal are many and varied. Rela- 
tionships between bacterial forms and 
an antagonistic, or synergistic, environ- 
ment; rates of population diminution, 
or increase; ratios of pathogenic to 
non-pathogenic bacteria; and influences 
of seasons, climate, and geography; 
these must be considered, along with the 
results of sanitary surveys, in order to 
evaluate on a rational basis the pres- 
ence or absence of serious sewage con- 
tamination at an outfall site. 

Recent literature reviews on the 
subject of bacterial viability in sea 
water (1)(2) have served to illustrate 
the wide disparity in the views of 
many investigators. Despite the nu- 
merous investigations which have been 
completed, many of the fundamental 
questions have not as yet been an- 
swered. In the discussion which fol- 
lows, the present state of knowledge 
on the subject of bacteria viability in 
sea water is summarized and critically 
analyzed, results of additional research 
are presented, and attention is directed 
to the areas where additional under- 
standing is needed. 


Survival of Human Pathogens 
in Sea Water 


There is considerable evidence to in- 
dicate that most human enteric patho- 


gens do not survive for extended pe- 
riods outside the body of their host; 
they may, however, remain viable suffi- 
ciently long, even under the most ad- 
verse conditions, to reinfect healthy in- 
dividuals. For example, Wilson and 
Blair (3) reported that typhoid ba- 
cilli in septic sewage remained viable 
during five weeks of storage in the lab- 
oratory at room temperature. Mom 
and Schaeffer (4), who carried out ex- 
tensive investigations on the prevalence 
of E. typhosa in sewage and polluted 
streams of the Netherlands Indies, ob- 
served the persistence of these bacteria 
for 11 days in Imhoff tank sludge. 
Various investigators whose work was 
summarized by Frankland and Frank- 
land (5) reported survivals of typhoid 
bacilli ranging from two weeks to 80 
days in ordinary tap water, well wa- 
ters, and distilled waters. 

Unfortunately very few carefully 
controlled experiments on the viability 
of enteric pathogens in sea water have 
been reported in the literature. In 
virtually all instances some important 
variable was either neglected or not 
fully appreciated. Nevertheless it is 
possible to establish certain informa- 
tion from these reports. 

One of the earliest significant in- 
vestigations was that of Nicati and 
Rietch (6) who observed that Vibrio 
comma, the causative agent of cholera, 
survived for 81 days after inoculation 
into sterilized sea water taken origi- 
nally from the harbor of Marseilles, 
France. In water from the open 
ocean, similarly treated, the organism 
was recovered after 64 days, while in 
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polluted fresh water the bacteria were 
not in evidence after 32 days. 

De Giaxa (7), who studied the effect 
of sewage pollution on the Bay of 
Naples, reported the survival of Vibrio 
comma for more than 36 days in heat- 
sterilized sea water. The organisms, 
however, soon disappeared in natural 
unsterilized sea water. Typhoid ba- 
cilli survived only 9 days in raw sea 
water. Bacillus anthracis and a patho- 
genie species of Staphylococcus suc- 
cumbed rapidly in polluted sea water. 
Survival was considered to be depend- 
ent upon competition with sapro- 
phytes, the bacterial population, and 
the organic content of the water. 

Soper (8), in reporting on the public 
health implications of sewage dis- 
charge to tidal waters, asserted that 
the virulence of E. typhosa is not ap- 
preciably affected by sea water over 
periods of two or three weeks. Bur- 
doni, whose work was cited by Conn 
(9), reported survival of this organism 
for 14 days in sea water. Klein (10) 
noted the presence of potent antibac- 
terial action against typhoid organisms 
but observed, however, that a few or- 
ganisms may remain viable for weeks 
in a grossly contaminated sample. 
Trawinski (11) found that typhoid 
organisms, and those of dysentery as 
well, disappeared from sea water in 12 
to 16 hr. However, paratyphoid bac- 
teria were still present after 21 days. 

Kiribaysashi and Aida (12) ob- 
served the survival of the cholera vi- 
brio for a period of 10 days in the 
harbor of Kellung, Formosa. Samples 
studied in the laboratory survived for 
longer periods. In one unusual in- 
stance Jacobsen (13) noted the sur- 
vival of Vibrio comma for 47 days in 
sea water. 

Beard and Meadoweroft (14), 
whose work will subsequently be dis- 
eussed in more detail, reported that a 
laboratory cultured Rawlins strain of 
E. typhosa survived 32 days in San 
Francisco Bay water (Figure 1). 
Populations of this microorganism 
were rapidly reduced following ex- 
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posure ; in one instance only 5 per cent 
of the original number survived 24 hr. 

Buttiaux and Leurs (15) have noted 
that Salmonella typhi, while subject 
to an initial decrease in numbers dur- 
ing the first 11 hr. of exposure to sea 
water from the English Channel, 
showed an appreciable regrowth. Af- 
ter 44 hr. about 62 per cent of the ini- 
tial population of this organism still re- 
mained viable. Salmonella paratyphi 
B. and Salmonella enteridis decreased 
to 53 and 57 per cent of original num- 
bers, respectively, after identical ex- 
posures (44 hr.). All three organisms 
showed high mortalities in spring wa- 
ter, S. typhi being totally destroyed in 
44 hr. 

In a second series of tests these same 
investigators found Salmonella typhi 
murium to be little affected by 24 hr. 
exposure to sea water, although mor- 
tality was high in spring water. Ex- 
periments with agitation and aeration 
showed that these treatments tended 
to increase die-away slightly but the 
results were not conclusive. 

Stryszak (16) also studied the sur- 
vival of organisms of the Salmonella 
species in sea water. In waters of the 
Gulf of Gdansk high mortality rates 
were found when the temperatures 
were between 5.5° C. and 18.5° C. A 
reduction in kill was observed for 
lower temperature. 


Survival of Nonpathogens 
in Sea Water 


There is little doubt but that the fate 
of sewage bacteria discharged to ocean 
waters is a function of many influ- 
ences, and that dilution alone cannot 
account for the great reduction in bac- 
terial populations occurring at the dis- 
posal site. Although it is difficult to 
reconcile the results of numerous in- 
dependent investigations, it appears 
that the nonpathogens in sewage do not 
fare much better than the pathogens. 

Carpenter et al. (17) reported that 
about 80 per cent of all organisms 
indigenous to fresh sewage die within 
one-half hour after contact with sea 


; 
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water. 
similarly, suspected high mortalities of 
sewage bacteria in waters of Boston 


Weston and Edwards (18), 


Harbor. They noted 40 to 56 per cent 
decrease in the numbers of total bac- 
teria for sewage dilutions of 0.5, 1.0, 
and 1.5 per cent in sea water after a 
period of 4 hr. Coliform bacteria suf- 
fered a 90 per cent mortality in the 
same period. 

Zo Bell (19), using sewage inocu- 
lums in semi-permeable tubes sub- 
merged in natural sea water observed 
69 per cent die-away in 1 hr. and 97 
per cent in 2 hr. These experiments 
were among the first in which a con- 
certed attempt was made to closely 
simulate the natural environment. 

Beard and Meadowcroft (14) also 
used semi-permeable membranes in 
order to minimize the possible effect 
of a restricted environment on bac- 
teria (Figure 1). In their experi- 
ments, samples of San Francisco Bay 
water, after inoculation in duplicate 
with pure laboratory cultures of E. 
coli and E. typhosa, were placed in 
specially designed flasks and sus- 
pended in the natural bay water. The 
ends of the flasks, which were eylindri- 
cal in shape, were covered with mem- 
branes prepared by soaking filter pa- 
pers in a solution of 2.5 per cent 
pyroxylin in glacial acetie acid. In- 
terior surfaces were coated with paraf- 
fin to eliminate toxie effects from the 
container material. Both raw water 
and water filtered through an L-3 
Chamberland candle were examined 
for their bactericidal effect. 

At an average temperature of 10° 
C., E. typhosa in untreated sea water 
showed a 99 per cent mortality in 
about 6 days but viable organisms 
were recovered up to 28 days. In a 
comparable test, EZ. coli suffered a 99 
per cent mortality in approximately 
17 days, but some organisms survived 
beyond 35 days. Companion studies 
with filtered sea water showed a gen- 
eral reduction in bactericidal effect as 
a consequence of filtration. The 99 
per cent mortality time was increased 


SEWAGE BACTERIA VIABILITY 


1149 


by roughly 50 per cent. These obser- 
vations suggest that filterable anti- 
bacterial agents (planktonic forms) 
may play an active role in determining 
the die-away rate of sewage bacteria. 

It may be unfortunate that these in- 
vestigators used only pure culture bac- 
teria in their studies. It has fre- 
quently been noted in the literature 
that laboratory-cultured bacteria gen- 
erally are more resistant to bactericidal 
agents than are naturally occurring 
forms. This conclusion is supported 
by the work of Williams (20) who 
noted 90 per cent mortality of sewage- 
cultivated EZ. colt in Puget Sound wa- 
ter in about 24 hr.; while pure labora- 
tory cultures of the same organism 
showed the same mortality only after 
54 hr. 

Williams also made an effort to 
simulate natural conditions by enclos- 
ing sewage-sea water mixtures in cello- 
phane dialysis tubing, and suspending 
these samples in natural sea water. 
He observed an average mortality of 
approximately 78 per cent in 24 hr., 
but individual results were extremely 
erratic. Some experiments showed 
more than 99 per cent die-away in 24 
hr., while others exhibited little or no 
change. In a few instances, increases 
were noted during the first few hours 
but were later followed by appreci- 
able mortalities. 

The work of Ketchum et al. (21) 
and Vaccaro et al. (22) on the viabil- 
ity of coliforms in sea water has added 
much to the general knowledge in this 
area. Unfortunately, many of the data 
presented by these investigators are 
not easily related to the natural en- 
vironment. The majority of experi- 
ments were conducted in closed labora- 
tory containers, stored in the dark, at 
room temperatures (68 to 70° F.). In 
addition, laboratory-cultured bacteria, 
which usually are considered more re- 
sistant to bactericidal agents, were 
used instead of forms cultivated in 
ordinary sewage. Results of a large 
number of tests indicated an average 
mortality of 90 per cent of the E. coli 
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inoculum was reached in about 1.4 
days in sea water collected during the 
summer months. During the winter 
months the die-away rate was consid- 
erably reduced. Discussion of other 
work by these investigators, which 
contributes to a better understanding 
of the mechanism of the bactericidal 
action of sea water, will be found in 
subsequent portions of this paper. 
Nusbaum and Garver (23) in lab- 


oratory studies observed high mortali- 
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ties of coliform organisms in raw San 
Diego Bay water. In one series of 
tests, 90 per cent mortality was 
achieved in about 1.4 days. However, 
in experiments with dialysis tubing, 
which was used to enclose samples sus- 
pended in the bay, large initial in- 
ereases were noted. In one instance, 
the coliform M.P.N. increased to about 
440 per cent of the initial value in 2 
days; subsequently dropping to 13 per 
cent after 4 days. These authors 
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FIGURE 1.—Survival of bacteria in sea water; data reported by various investigators. 
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caution against the indiscriminate use 
of laboratory results in evaluation of 
natural purification phenomena. 

A summary of the most significant 
data on bacterial viability in sea wa- 
ter is given in Table I. In addition, 
a few of the more detailed studies are 
shown graphically in Figure 1. 


Formulation of Bacterial Die-Away 


The designer of ocean outfalls, or 
the public health official charged with 
evaluating the effectiveness of such in- 
stallations, should be fully cognizant 
of the factors which determine the de- 
gree of contamination experienced by 
waters at varying distances from the 
point of effluent discharge. Pearson 
(1) has emphasized the importance of 
considering the effects of current 
movement and large scale eddy dif- 
fusion in the vicinity of the outfall 
on the distribution of pollutants in 
directions parallel and transverse to 
the principal movement of the water 
mass. The change in sewage concen- 
tration in sea water as the mixture 
moves shoreward is noted to be a func- 
tion of the scale of the phenomenon 
and the distance travelled. 

The bacterial concentration of the 
water which reaches a critical shore- 
line bathing area, while necessarily a 
function of dilution, is also dependent 
on the time rate of change in bacterial 
population. The time required for 
sewage to travel from the point of dis- 
charge to a critical shore area depends 
on the intensity of onshore winds, the 
nature of currents, the design char- 
acteristics of the outfall and, in par- 
ticular, the outfall length. If the time 
of travel is short the mechanics of mix- 
ing and diffusion may be of primary 
concern; but, when the time is great, 
any bactericidal effect which could be 
reliably attributed to sea water may 
prove to be an added advantage. 
However, the designer should not place 
too great reliance on bacterial die- 
away without appreciation of this phe- 
nomenon as a time-rate function. 
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A typical survival curve, represent- 
ing each of the changes which may 
occur in a bacterial population ex- 
posed to a sea water environment, is 
shown in Figure 2 (Curve A). The 
curve consists of three growth or sur- 
vival periods: an initial growth or lag 
phase, during which the total popula- 
tion may either remain essentially con- 
stant or increase somewhat, ultimately 
dropping to its original level; a phase 
of logarithmic decrease in which a 
rapid diminution of numbers is dem- 
onstrated; and finally, a_ resistant 
phase, during which the rate of de- 
erease lessens and the more resistant 
bacterial forms predominate. 

Zo Bell (24) observed that while 
99.9 per cent of all sewage organisms 
in sewage-sea water dilutions were 
killed within two days, a few survived 
for nearly a month. If the environ- 
ment is not totally inimical to the bac- 
teria, and if some viable individuals 
remain after adjustment to their sur- 
roundings, there may actually be 
slight regrowth until equilibrium be- 
tween the bacterial species and en- 
vironmental influences is attained. 

When the bactericidal effect is suffi- 
ciently strong, and the environment is 
completely antagonistic to the bacteria, 
the lag and resistant phases of the sur- 
vival curve may be grossly diminished 
or even nonexistent, Figure 2 (Curve 
B). The die-away of sewage bacteria 
in sea water most often follows this 
pattern as may be seen from Figure 1. 
The resulting survival curve is es- 
sentially logarithmic in nature and 
may be expressed in the form of 
Chick’s Law (25) as 


number of survivors after time 
t (days); 

= initial population at t = 0; 
rate constant. 


at 
10-* (la) 
where 
Tae 
N 
k 
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In instances where the initial growth 
or the lag period of adaptation of bac- 
tericide to bacteria exists, the log de- 
crease phase of the survival curve may 
be formulated: 


N 
Ne 


where ¢,= lag period in days before 
onset of logarithmic decrease. Such 
occurrences are not uncommon, even in 
sea water. Figure 3 shows a curve for 
coliform survival under laboratory 
conditions at 5° C., which generally 
resembles the typical curve. In this 


= (1b) 


SURVIVAL TIME 
FIGURE 2.—Typical survival curves for bacteria in sea water. 
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ease, a lag of about 2.2 days was ap- 
parent, and there also were indications 
of a resistant phase in this and in the 
companion experiment at 21° C. 
The die-away curve for the total 
population of a mixed culture may be 
approximated with equations of the 
types given above. However, instead 
of the typical logarithmic decrease, the 
resulting population change reveals a 
eurve having a decreasing negative 
slope (a decelerating decrease) in 


which the second and third phases are 
not clearly defined, such as Curve C, 
Figure 2. Streeter (26) observed this 
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form of survival curve in studies of 
bacterial changes in polluted water 
and suggested that it might be formu- 
lated with an equation approximating 
the form: 


y = ae™ + ce-#--- + me™ (2) 


where y = total number of organisms 
remaining after time, t, and a, b, c, d, 
m, and m are constants. Each term 
of this expression would represent a 
single species whose survival charac- 
teristics could be individually ex- 
pressed by Chick’s Law (using the 
rate constants b, d, and mn, and the 
population constants a, c, and m). 
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In a mixed population, the charac- 
teristics of individuals are seldom 
known and their interrelations with 
other species are even less certain. In 
order to represent this condition 
mathematically, Streeter fitted his data 
with a formula which, when written 
in the symbols of Eq. 1a, is: 


N, 1-—10-*' 
No (3) 


In this equation k’ is a rate constant 
and N,, N,, and ¢ are as given for 
Chick’s equation above. When lag is 
considered the term ?-t, is substituted 
for t. 
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FIGURE 3.—Effect of temperature on survival of bacteria in sea water. 
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Under certain conditions, the bacteria 
against which the bactericide is active 
may exhibit an initial resistance with 
increased susceptibility under the con- 
tinued action of the germicidal agent. 
Thus, the resulting survival curve may 
fail to conform to the usual form of 
Eq. la, showing a tendency to be con- 
caved downward with an increasing 
negative slope, Figure 2 (Curve D). 
Fair and Geyer (27) show that Chick’s 
Law may be modified to the form: 

N; 


= —k(t—to)” € 

10 ° (4) 
where » is a constant and the other 
symbols are as noted above. In chlo- 
rination experiments, it was found that 
when the per cent of survivors was 
plotted on semi-log. paper against the 
square of the exposure time (n = 2), 
the resulting data could be fitted 
closely by a straight line. 

It can be seen that, in a majority 
of cases illustrated in Figure 1, the 
die-away curve can be reasonably well 
described by Eq. la or lb. If lag is 
considered, it may be determined 
graphically by extending the steepest 
portion of the curve to the origin. 
The coefficient of death rate ‘‘k’’ (Eq. 
la or 1b) can be computed from the 
following expression : 


=" 
ts — ty 


where 


N, = bacterial population at time ¢, 
at end of lag period; 
Nz = bacterial population at time 
t; = time in days at end of lag 
period ; 
to = subsequent time ¢2 in days. 


When there is no apparent lag in the 
die-away curve, N, becomes the ini- 
tial bacterial concentration and ¢,; = 0. 
For this case, the expression becomes 

1 
k= ria where fo = time in days re- 
quired for 90 per cent mortality. It is 
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apparent that the coefficient of death 
rate for the condition of no lag period 
is simply the reciprocal of the time in 
days required to give 90 per cent mor- 
tality. 

Values of & for most of the curves 
in Figure 1 have been computed and 


are tabulated in Table I. Inspection 
of the table reveals that k varies be- 
tween 0.4 and 1.6; as determined by 
the season of the year, the temperature 
of the water, the geographical location, 
and experimental conditions. Corre- 
sponding values of t,, are, respectively, 
2.5 and 0.625 days. Data are not suffi- 
cient to justify computation of an av- 
erage, but it is interesting to note that 
the variation in the coefficient of death 
rate is not as great as might have been 
expected from the literature. It is ap- 
parent, however, that much needs to 
be resolved regarding the relationship 
between laboratory studies, which 
make up the bulk of data on the sub- 
ject, and field studies which attempt 
to closely approximate natural condi- 
tions. 


Factors Which Affect Bacterial 
Survival 


In summarizing or attempting to in- 
terpret the results of many investiga- 
tions on bacterial viability in sea water 
it is important to appreciate the wide 
variety of experimental conditions 
which have been employed. Unfortu- 
nately, most investigations reported in 
the literature were performed under 
circumstances which did not ade- 
quately represent those obtaining in 
nature. This is particularly true in 
the biological sense. Often the physi- 
eal and chemical environment has been 
faithfully reproduced or controlled, 
but the use of artificial, synthetic, fil- 
tered, diluted, boiled, or autoclaved 
sea water has complicated the interpre- 
tation of biological changes in the ex- 
periment. It is essential, in order to 
reconcile some of the disparities of 
opinion which are manifest throughout 
the literature, that due consideration 


% 

4 

* 
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be given to all factors which influence 
the survival of adventitious bacteria 
in the sea. 


Biological Agents 


A majority of investigators, despite 
other disagreement, have held that the 
most important influence on sewage 
bacteria in sea water is biological in 
nature. One of the earliest indications 
of the possible presence of a biological 
bactericidal agent is given by the work 
of de Giaxa (7) who observed that 
heat sterilization of sea water prior to 
inoculation with Vibrio comma and 
typhoid bacilli reduced die-away rates. 
The cholera vibrio disappeared shortly 
after introduction into raw sea water 
from the Bay of Naples, but lived for 
36 days in heat-sterilized sea water. 
Typhoid organisms lived only 9 days 
in raw sea water, but survived 25 days 
in the heat-treated water. De Giaza 
also noted the presence of several 
strains of marine bacteria which he 
found were antagonistic to the cholera 
vibrio. In general, these tests seemed 
to point to a bactericidal agent, or 
agents, probably biological in nature, 
whose activity was measurably reduced 
by heat treatment. 

Nicati and Rietch (6) were able to 
extend the survival time of Vibrio 
comma in sea water to 81 days by 
sterilizing the sea water prior to in- 
oculation. They also noted that the 
presence of organic matter (sewage) 
apparently increased the death rate. 

Krasilnikov (28) found that water 
from the Black Sea was active against 
terrestrial bacteria unless it was boiled, 
and that filtration through a Seitz fil- 
ter reduced the bactericidal effect. He 
also noted, contrary to the observa- 
tions of Nicati and Rietch, the bac- 
terial growth due to the presence of 
organic matter tended to diminish or 
completely offset mortality from other 
causes. 

Beard and Meadowcroft (14) like- 
wise noted that the death rates of 
E. typhosa and E. coli in San Fran- 
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cisco Bay water were decreased by fil- 
tering the water through an L3 
Chamberland filter candle. The time 
required to achieve 99 per cent mor- 
tality of EZ. typhosa with filtered water 
was about 50 per cent greater than 
with raw unfiltered water. With EZ. 
coli a 12 per cent increase in the 99 
per cent mortality time was noted. 

Extensive studies by Ketchum et al. 
(21) and Vaccaro et al. (22) at Woods 
Hole, Mass., have shown the bacteri- 
cidal agent in sea water to be defi- 
nitely heat labile and also susceptible 
to chlorination. For example, in one 
series of experiments, the average time 
required for 90 per cent mortality of 
E. coli was found to be: for raw, un- 
treated sea water, 1.5 days; for chlori- 
nated sea water, 3.6 days; after pas- 
teurization for 30 min. at 54° C., 9.1 
days; and after autoclaving, 12.1 days. 
It was also noted that any treatment 
of the water prior to the inoculation 
with bacteria invariably produced an 
appreciable lag before the bactericidal 
agent, or agents, could effect any mor- 
tality. Mortality rates were generally 
reduced by treatment. 

These same investigators found also 
that the intensity of bactericidal ac- 
tion was seasonal. For example, sam- 
ples of sea water collected in the sum- 
mer of 1948 and stored in the dark at 
room temperature required an average 
of only 0.9 day to effect a mortality 
of 90 per cent in E. coli inoculum. 
Comparable sea water specimens col- 
lected during the following winter 
needed an average of 2.3 days for the 
same percentage kill. Lag periods gen- 
erally were shorter during the summer 
months. These investigators have con- 
cluded that the most probable cause of 
E. coli mortality in sea water is a bio- 
logical phenomenon which requires the 
presence of normal marine flora. 

Rosenfield and Zo Bell (29) tested 
58 pure cultures of marine microorgan- 
isms for their anti-microbial tendencies 
and found nine species which definitely 
inhibited fresh water or terrestrial 


tha 
| 
She 


forms. Pour plates of sea water bac- 
teria, which later were flooded with 
E. coli suspensions, showed a charac- 
teristic antagonism of certain species 
for the sewage bacteria. Antagonistic 
genus included Bacillus, Micrococcus, 
Actinomycetes, and Serratia with the 
two former groups the most active. 


Bacteriophage 


The possibility that bacteriophage 
or bacterial virus may be a significant 
agent of bacteria destruction is sug- 
gested by d’Herelle (30) and by 
Arloing et al. (31). The presence of 
bacteriophage may be expected in al- 
most every environment harboring 
large bacterial populations, and could 
logically be expected to contribute to 
the destruction of certain bacteria in 
sewage discharges. Gildemeister and 
Watanabe (32) assert, however, that 
phage attack on intestinal pathogens is 
unlikely except when the medium is 
incubated at body temperature. 

While the activity of bacteriophage 
no doubt bears on the destruction of 
adventitous sewage bacteria in sea wa- 
ter, their contribution in the total bac- 
tericidal effect is probably small. 


Protozoan and Other Lower Animals 


The consumption of bacteria by 
protozoans and other small animals, 
normally present in sea water or sew- 
age, also may account for some de- 
crease in bacterial numbers following 
disposal of sewage to receiving waters. 
In 1905 Hiintemiiller (33) reported 
that protozoans were particularly re- 
sponsible for the destruction of ty- 
phoid organisms in water systems. 
Purdy and Butterfield (34) clearly 
demonstrated the relationship between 
bacteria and protozoa in sewage cul- 
tures. Protozoa were shown to be de- 
pendent upon bacteria for survival, 
and to be a factor in regulating bac- 
terial growth. 

Similarly, in studies of the survival 
of marine bacteria, Waksman and 
Carey (35) and Waksman and Hotch- 
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kiss (36) noted the multiplication of 
copepods, protozoans, and various 
other low animal forms to be associ- 
ated with the diminution of bacterial 
numbers. The latter investigators ob- 
served, also, that the reduction in bac- 
terial numbers was not accompanied 
by a reduction in the rate of decompo- 
sition of organic matter as indicated 
by oxygen consumption. This phe- 
nomenon was considered to support the 
conclusion that predation by lower ani- 
mal forms is a major cause of bacterial 
destruction in sea water. 

Stryszak (16) also believed that 
protozoa were responsible for destruc- 
tion of several Salmonella species in 
sea water. He concluded that reduced 
bacterial mortality at temperatures 
below 5.5° C. was attributable pri- 
marily to inactivation of these preda- 
tors. 

Dienert and Guillerd (37) have 
maintained that the common belief 
that sea water, per se, is antiseptic or 
inimical to sewage organisms is er- 
roneous. They place considerable em- 
phasis on the ratio of phyto-plankton 
to zooplankton as a factor in bacterial 
survival. 


Sedimentation and Adsorption 


Depending upon the degree to which 
sewage has been treated prior to sub- 
marine disposal, the sedimentation of 
sewage particulates to form sludge 
banks in the vicinity of the outfall 
may account for a significant decrease 
in bacterial numbers. In conventional 
primary treatment it is possible to 
remove as much as 75 per cent of the 
total bacteria associated with domestic 
sewage (38)(39). It is probable that, 
with the added flocculating effect of 
salt water and greater time of sedi- 
mentation attainable at the outfall 
site, even higher removals could result. 

Water movement by wind and tides, 
however, may restrict settling of par- 
ticles sufficiently so that other bac- 
teria-reducing effects can predominate. 
In addition, wave and current action 


fe 
ptt 
By 
Way 


Vol. 28, No. 9 


may cause recontamination of waters 
surrounding bottom sludge accumula- 
tions. Sewage discharges into salt wa- 
ter often are considered to be pri- 
marily associated with the surface 
strata, with most contamination being 
confined to a comparatively thin layer 
of water over the disposal area. Where 
sedimentation, bottom scour, and wind 
and wave action are significant, con- 
tamination may spread throughout the 
entire depth of water at considerable 
distance from the outfall. 

This phenomenon was evidenced 
during a survey of sewage contamina- 
tion in the vicinity of North Trunk 
sewer outfall, Seattle, Wash., in 1949 
(40). At the site of the outfall, which 
provided for the disposal of raw sew- 
age and storm water from a tributary 
drainage of 12,000 acres, sedimentation 
with attendant sludge bank formation 
was very evident. A number of bac- 
teriological analyses taken at various 
depths showed that contamination was 
not confined only to surface water but 
extended over the entire depth of wa- 
ter at distances ranging from a few 
hundred feet to more than a mile from 
the outfall. Several typical survey se- 
ries are shown in Table II. 

The effect of quiescent sedimenta- 
tion on removal of coliforms from sea 
water is illustrated in a general way 
by the results of an experiment re- 
ported in Figure 4. Two samples, A 
and B, were prepared from a 1: 1000 
dilution of settled sewage in sea water 
taken from the Pacific Ocean offshore 
from San Francisco. Both were incu- 
bated in a water bath and examined 
periodically for organisms of the coli- 
form group, using five portion inocu- 
lations in lactose broth in each of three 
serial dilutions. One sample was vig- 
orously shaken to re-suspend deposited 
particulate matter immediately before 
extracting a specimen for analysis 
(A), while the other was left undis- 
turbed (B). While the agitated sam- 
ple showed an initial increase in bac- 
terial numbers during the first day 
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TABLE II.—Distribution of Sewage 
Contamination with Depth 


North Truck Outfall—Seattle, Wash., 1949 


August 1, 1949 


M.P.N. per 100 ml. 


Distance from Outfall (ft.) 


1,500 2,300 


70,000 
7,000 
> 24,000 
7,000 


70,000 

2 24,000 
2 24,000 
7,000 


July 13, 1949 


Distance from Outfall (ft.) 


3,200 


2 240,000 
24,000 
7,000 
2,400 


2,300 
230 


230 
620 


of incubation, the unagitated sample 
experienced an abrupt decrease. Dur- 
ing the remainder of the experiment, 
the bacterial population in Sample B 
averaged about 13 per cent of the 
population in Sample A. Resuspension 
of particulate matter after 7.9 days 
resulted in a decided increase in ap- 
parent bacteria numbers in Sample B, 
indicating the association of bacteria 
with deposits on the container bottom. 
While the results of this experiment 
are illustrative only, they indicate that 
bacterial removal by sedimentation 
may be of considerable consequence in 
determining the fate of sewage bac- 
teria discharged to sea water. 
Adsorption of bacteria on marine 
sediments has been noted by several 
investigators to play an important role 
in removing bacteria from sea water. 
Rubentschik et al. (41) considered 
adsorption on soil sediments stirred 
up by tide and wave action to be the 
primary factor in removal of EZ. coli 
from waters of salt lakes near Odessa, 
U.S.8.R. In previous studies Rubent- 


4 
of 
Sample 
3.200 | 5,200 
1.5 70,000 | 24,000 
20 7,000} 2,400 
40 2 24,000; 7,000 
80 | 2,000 | 7,000 
| 
4 
Sample 
(ft.) 600 1,800 | 6,300 
1.5 |>240,000| 70,000 
20 24,000} 6,200 | 
50 2,300| 70,000 
100 | | 
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PRIOR TC 


Sample B agitated after 
7.9 days 


TIME 
FIGURE 4.—Effect of sedimentation on 


schik et al. (42) concluded that reduc- 
tion of coliforms by bactericidal action 
of the saline waters was relatively un- 
important. 


That marine organisms may be 
strongly adsorbed by marine muds was 
demonstrated by Waksman and Varti- 
ovaara (43), and Weiss (44), in ex- 
tensive investigations on bacterial ad- 
sorption by river and estuarine silts. 
They reported E. colt removals in 
excess of 50 per cent, depending on 
turbidity and the characteristics of 
the particular sediment. The latter 
investigator noted that while sea water 


DAYS 


apparent survival of coliforms in sea water. 


tended to increase the rate of floccu- 
lation of silts, the adsorption capacities 
of silts were correspondingly de- 
creased. In a few instances desorp- 
tion of EF. coli occurred. 

Nusbaum and Garver (23) also 
noted the presence of large coliform 
populations in muds of San Diego 
Harbor, and suggested that floccula- 
tion and sedimentation probably are 
important factors in determining the 
fate of coliform bacteria in sea water. 
Similar phenomena have been observed 
in Santa Monica Bay. 

While adsorption of sewage bacteria 
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and sedimentation of sewage particu- 
lates undoubtedly have some significant 
effect on the bacterial numbers in the 
immediate vicinity of a point of sew- 
age discharge, it is not likely that these 
effects will be very pronounced at great 
distances from the outfall. It is prob- 
able that wind, wave, and current ac- 
tion will combine to maintain the 
lighter, slow settling sediments in sus- 
pension and to distribute them 
throughout the volumes of water sur- 
rounding the outfall. Beyond the 


limit where significant sedimentation 
ceases to occur, the bactericidal action 
of sea water probably is the most sig- 
nificant effect mitigating against the 
persistence of sewage bacteria. 
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Bacterial Nutriment 


The presence of nutrient material 
in excess may, in some instances, so 
stimulate bacterial growth as to practi- 
eally offset the bactericidal effect of 
other agents. Vaccaro et al. (22) 
noted an increase in 90 per cent mor- 
tality time for 2. coli from 1.53 days 
to 4.53 days when 50 p.p.m. of peptone 
was added to raw sea water. Addition 
of 100 p.p.m. of glucose changed the 90 
per cent mortality time from 1.66 days 
to 1.92 days. Krasilnikov (28) also 
noted that when organic matter was 
added to water from the Black Sea 
the bacterial growth tended to dimin- 
ish or offset mortality from other 
causes. 


NOTE LACTOSE BROTH CULTURE MEDIUM 4 
ADDED AS INDICATED TO 1:1000 DILUTION 
OF SETTLED SEWAGE IN SEA WATER 

FROM PACIFIC OCEAN OFF SAN FRANCISCO 
INITIAL MPN = 10,600/100 ml, 
GHLORIDES AS NoCl = 27,100 ppm 


1 


3/4/56 


PERCENT 


SURVIVORS 


TIME 


5 
- DAYS 


FIGURE 5.—Effect of organic nutrients on coliform survival in sea water. 
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NOTE 


DILUTION OF SETTLED SEWAGE IN SEA WATER 
FROM PACIFIC OCEAN OFF SAN FRANCISCO 
INITIAL MPN = 10,600/100 ml, 3/4/56 


CHLORIDES AS = 27,100 ppm 


SAMPLES PREPARED FROM 1:1000 


PERCENT 


SURVIVORS 


TIME 


This phenomenon was also observed 
by the writer in studies of coliform 
viability in the waters of Port Gard- 
ner Bay, Everett, Wash. Samples of 
contaminated bay water which also 
contained about 1,000 p.p.m. of spent 
sulfite liquor, an organic waste from 
the wood pulp industry, showed either 
no change in coliform numbers, or an 
increase when incubated for 72 hr. at 
approximately 13° C. 

The effect of nutrients on coliform 
survival in sea water is illustrated by 
a series of experiments in which vary- 
ing amounts of lactose broth were 
added to settled sewage-sea water di- 


FIGURE 6.-—Effect of temperature on coliform survival in Pacific Ocean water. 


DAYS 


lutions, the changes of coliform popu- 
lation being observed over a period of 
8 days at 20° C. (Figure 5). In this 
series, the lag periods, the 90 per cent 
mortality times, and the lag phase 
maximum growth levels were directly 
proportional to the concentration of 
nutrient added. The death rate after 
completion of the lag phase did not 
appear to be affected by the concen- 
tration of lactose broth added, except 
in the case of the highest concentration 
(120 p.p.m.) where a slight decrease 
was observed. After 7.9 days, all sam- 
ples showed residual populations be- 
tween 1.6 and 3.1 per cent of the 
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original population. (The 5-day 20° C. 


B.O.D. of 120 p.p.m. of lactose broth 
solution is approximately 96 p.p.m.) 


Temperature 


It usually is accepted that bacteria 
are more susceptible to bactericidal ef- 
fects as temperature increases. This 
thesis as applied to die-away in sea 
water is borne out in a very general 
way by the observations of several in- 
vestigators (16) (23), but is not clearly 
delineated. In order to more thor- 
oughly examine the influence of tem- 
perature on coliform survival in sea 
water, a series of samples, each pre- 
pared in an identical manner from a 
1: 1,000 dilution of settled sewage in 
Pacific Ocean water, were incubated at 
temperatures ranging from 6° C. to 
25.8° C. 

Specimens were withdrawn and 
analyzed by the standard presumptive 
test for coliform organisms, at inter- 
vals during a period of 8 days. The 
results of this study, shown graphi- 
eally in Figure 6, indicate a general 
increase in the rate of die-away as 
temperature increased. Using the 
curve of best fit of the type of Eq. 1b, 
the value of k was noted to range from 
0.25 at 6° C. to 0.56 at 25.8° C. Lag 
periods generally were shortened by 
inereasing the incubation tempera- 
tures, ranging from about 0.3 to 2.3 
days for the maximum and minimum 
temperatures, respectively. 

In a similar experiment, the results 
of which are shown in Figure 3, com- 
parable results were obtained. The 
die-away coefficient, k, was found to 
be about 1.67 for 30° C., 0.8 at 21° C., 
and 0.69 at 5° C. The fact that these 
values are somewhat higher than those 
of the foregoing series might be ac- 
counted for by the time of the year 
in which the sea water samples were 
collected. The sea water producing 
the higher death rate was collected 
near the end of May while the series 
depicted in Figure 6 was collected in 
early March. These observations gen- 
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erally are consistent with those of 
Vaccaro et al. (22), as noted earlier. 
It is significant to note that when 
sufficient nutriment is present, an in- 
crease in temperature may result in ap- 
preciable growth of bacteria in a sea wa- 
ter environment that otherwise would 
be unfavorable to their continued exist- 
ence. When 120 p.p.m. of lactose 
broth was added to samples identical 
to those described above, no significant 
die-away was noted in a sample held 
at 6° C., while the population levels 
in samples at 20.4° C. and 304° C. 
increased greatly during the early 
stages of incubation (Figure 7). The 
20.4° C. sample showed a marked die- 
away after reaching peak growth, 
while the coliform population in the 
30.4° sample maintained a level 
greater than the initial number 
throughout the 8-day period. 


Other factors 


In addition to the factors noted 
above, which appear to be considered 
of major import by consensus of con- 
tributors to the literature, a number 
of other influences on bacterial sur- 
vival in sea water have been reported. 

Salinity alone, at levels common in 
ocean water, has not been considered 
particularly detrimental to terrigenous 
bacteria. Low salt concentrations 
actually have been shown to stimulate 
the growth of certain bacteria. Zo 
Bell (24), in attempting to establish 
the cause of bacterial die-away in sea 
water, noted that sewage bacteria sur- 
vived longer in a 6 per cent salt solu- 
tion than in normal sea water contain- 
ing about 3 per cent total salts. 

Gaarder and Sparck (45), in a bio- 
logical and biochemical study of pro- 
ductivity of West Norwegian oyster 
pools, considered the bactericidal ef- 
fect of sunlight to contribute most sig- 
nificantly to the destruction of bacteria 
in sea water. While sunlight undoubt- 
edly contributes to bacterial die-away, 
its effect must be minimal, especially 
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120 ppm LACTOSE BROTH ADDED 

TO 1:1000 DILUTION OF SETTLED SEWAGE 

- IN SEA WATER FROM PACIFIC OCEAN OFF 

SAN FRANGISCO , INITIAL MPN = 10,600/100 mi 


TIME 
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FIGURE 7.—Effect of temperature on coliform survival in sea water containing 


in view of the generally turbid nature 
of sewage-sea water mixtures. 

Predation by higher forms of 
aquatic life is of questionable sig- 
nificance, except in some special cases, 
and almost impossible to evaluate. Zo 
Bell (24), in examination of fishes 
along the Pacifie Coast, found EF. coli 
in some shoreline feeding species but 
concluded that this bacterium was not 
a normal inhabitant of the intestinal 
tracts of marine animals. It was found 
most often in species which frequented 
polluted areas, and was assumed to 
have gained access to the intestinal 
tract due to the special feeding habits 
of the particular species. Marine shell- 
fish are known to remove large quan- 
tities of bacteria from sea water in 


organic matter. 


their feeding process, a fact of consid- 
erable concern from the viewpoint of 
public health. However, the contribu- 
tion of either fish or shellfish to reduc- 
tion of bacterial populations has never 
been determined quantitatively and 
must, therefore, be considered only as 
another of the many factors which 
conceivably could influence, in some 
minor fashion, the numbers of ad- 
ventitious bacteria which are to be 
found in contaminated sea water. 

It is apparent that there are a multi- 
tude of considerations to be taken into 
account in assessing the responsibility 
for bacterial mortality in the sea. The 
most significant agent appears to be 
biological in nature, heat labile, and 
related to the normal population of 
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marine organisms. It is susceptible to 
chlorination, pasteurization, and to fil- 
tration, but its bactericidal property 
is not completely destroyed by any of 
these treatments. Sedimentation of 
bacteria due to adsorption on plankton, 
marine silts, or particulate matter in 
the sewage may be responsible for a 
significant portion of the apparent die- 
away of bacteria in the sea. The pres- 
ence of organic matter or other agents 
favorable to bacterial growth may 
sometimes be sufficient to negate the 
bactericidal or decay effect, or to de- 
lay its onset. Temperature may have 
an important bearing on the per- 
sistance of bacterial forms under con- 
ditions which might be otherwise 
inimical to their continued survival. 


Summary and Conclusions 


Despite the confusion which appears 
to exist throughout the literature on 
the subject of viability of sewage bac- 
teria in sea water, it is possible to find 
certain common grounds for agree- 
ment. Conclusions, derived from the 
available evidence, are subject to re- 
vision as new evidence is presented. 
The following statements summarize 
the present state of knowledge on the 
subject: 


1. A survey of the literature reveals 
considerable information on the bac- 
tericidal effects of sea water, but con- 
siderable disagreement as to the extent 
and cause of bacterial die-away. Most 
pathogenic forms, notably V¢tbrio 
comma and E. typhosa, suffered high 
mortalities during the first few hours 
of exposure but a few cells survived 
for much longer periods, in some cases 
more than one month. The mortality 
of the coliform group of organisms 
generally exceeded 90 per cent within 
1 to 3 days, although ultimate sur- 
vivals in excess of one month have 
been reported. There is little informa- 
tion available as to the comparative 
viability of pathogenic and non-patho- 
genic sewage bacteria in sea water, 
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although it usually is conceded that 
the former are more susceptible. 

2. Bacterial die-away in sea water 
is characterized by a typical curve, 
including a lag phase, a log. decrease 
phase, and resistant phase, followed in 
some instances by an after-growth. 
The log. decrease portion of the typical 
curve is best described in accordance 
with Chick’s Law: 


N 
— = 
N. 10- 


where N, is the initial number of 
organisms; N is the number of organ- 
isms remaining at time, t (days); and 
t, is the lag period in days before the 
onset of logarithmic decrease, This 
type of equation agrees well with the 
experimental data of a number of in- 
vestigators, the value of k ranging 
from 0.4 to 1.6 in the majority of 
cases. 

3. The predominant bactericidal 
agent is biological in character, heat 


labile, and generally is associated with 
a normal marine environment. Its 
activity appears to vary seasonally, 
being strongest during the summer 


months. Its effect is diminished by 
boiling, autoclaving, filtration, pas- 
teurization, and chlorination. 

4. Sedimentation and adsorption 
are significant factors in removing 
terrigenous bacteria from sea water in 
the immediate vicinity of the point of 
discharge. Wind, wave, and current 
action may act to prevent deposition, 
resuspend deposited bacteria, and dis- 
tribute contamination through the en- 
tire depth of water surrounding the 
outfall. 

5. The addition of organic nutri- 
ents to sea water may offset the bac- 
tericidal effect by stimulating bacterial 
growth. In laboratory studies the 
length of the lag period, the maximum 
growth level, and 90 per cent mortality 
time were directly proportional to the 
concentration of lactose broth (nutri- 
ents) added to sewage-sea water dilu- 
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tions. The die-away rate was not sig- 
nificantly affected by the concentra- 
tion of nutrient. 

6. An increase in temperature gen- 
erally increases the rate of bacterial 
die-away and shortens the lag period. 

7. Other bactericidal effects such 
as the action of sunlight, bacterio- 
phage and salinity are conceded by 
most investigators to be of relatively 
little importance. Predation by higher 
aquatic forms may contribute to bac- 
terial removal from sea water but this 
effect has not been well evaluated. 

8. There is a considerable area for 
additional research on problems as- 
sociated with bacterial viability in sea 
water. The comparative viability of 
pathogens and nonpathogens still is 
not adequately defined. The behavior 
in sea water of other indicator organ- 
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isms, such as the enterococci, should 
be examined. A comparative evalua- 
tion of mortality rates between labora- 
tory and field conditions should be 
made, and further examination of the 
influence of season and geographical 
location on die-away is warranted. 
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Research 


This report is the second of a con- 
tinuing series on the toxicity of various 
ions in the dilution B.O.D. test with 
sewage, and presents the average of a 
large number of individual runs on the 
toxicity of copper and zine. As in the 
previous study (1) the different test 
runs were performed in a number of 
laboratories throughout the United 


States to obtain as much variability 
in seed as possible and to eliminate any 
constant error such as might occur in 
one laboratory. 


Methods 


In collecting all of the data of this 
report the dilution B.O.D. technique 
has been used. A control B.O.D. was 
set up and a known amount of the 
toxic agent was added in a series of 
dilution bottles. The dissolved oxygen 
content remaining in the bottles was 
determined after the standard incuba- 
tion period of five days at 20° C. 


Results 


The results from the individual lab- 
oratories have been averaged and the 
averages plotted in Figure 1. With all 
copper concentrations greater than 3.0 
p.p.m. a slight precipitate developed 
in the dilution bottles, indicating a 
saturation of the copper ion with one 
of the nutrient salts (probably cupric 
phosphate). If sodium bicarbonate is 
used instead of phosphate, no precip- 
itate occurs. At a pH low enough to 
dissolve the copper phosphate all of 

* First. report THIS JOURNAL, 26, 4, 536 
(April, 1954). 


TOXICITY OF COPPER AND ZINC IONS IN THE 
DILUTION B.O.D. TEST 


Tue SeconD REPoRT OF THE RESEARCH COMMITTEE, SUBCOMMITTEE ON 
Toxicity oF INDusTRIAL Wastes, Section II * 


1168 


the toxicity values increase. Higher 
copper sulfate concentrations, even in 
the presence of a precipitate, show in- 
creasing toxicity; this may be caused 
by the decreasing pH of the higher 
concentrations. A similar situation 
develops for concentrations of zine 
greater than 5.0 p.p.m. The zine data 
occur in two groups; one small group 
of workers obtained data showing very 
little toxicity; the other group ob- 
tained data showing a somewhat greater 
toxicity than the average values pub- 
lished. 


Discussion 


There is a continuing interest in the 
problem of toxicity of metal ions. 
Heukelekian and Gelman (2) have re- 
ported on many factors that influence 
toxicity of metal ions toward sewage 
and activated sludge. They state that 
toxicity is a result of pH, time of ob- 
servation, food concentration and the 
number of organisms. To this Sawyer, 
Frame and Wold (3) have added the 
factor of temperature. These authors 
show that increasing the temperature 
decreases the toxicity of the hydroxal 
ion. This has been emphasized for 
mercury by Van Esseltine and Rahn 
(4) using pure cultures. 

Ingols (5) has published a brief re- 
view of the field of toxicity as it might 
relate to sewage treatment. 


Conclusions 


Copper is more toxic than zine in all 
concentrations from 0.1 to 10 p.p.m. 
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FIGURE 1.—A comparison of the toxicity of copper and zinc in the dilution B.O.D. test 
(average of 25 tests). 


There are many factors which influ- 
ence the specific toxic effect of any 
given toxic ion concentration. 

The data on copper were collected by 
Prof. M. L. Granstrom, University of 
North Carolina; Prof. T. Jaffe, Uni- 
versity of Florida; W. W. Sanderson, 
New York State Board of Health; 
Prof. N. L. Nemerow, North Carolina 
State University; Prof. D. E. Blood- 
good, Purdue University; and M. L. 


Robins, Minneapolis-St. Paul Sani- 
tary District. 

The zine data were obtained by Prof. 
J. H. Sorrels, Texas A&M College; 
and W. W. Sanderson, Prof. D. E. 
Bloodgood, Prof. T. Jaffe, M. L. 
Robins, and Prof. N. L. Nemerow. 

The data have been assembled and 
prepared by Prof. R. S. Ingols, chair- 
man of Section II, Subcommittee on 
Industrial Wastes. 
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SEWAGE WORKS DESIGNER-OPERATOR 
RELATIONSHIP 


By Grorce W. Martin 


President, Federation of Sewage and Industrial Wastes Associations, and Engineer-Manager, 


Many consulting engineers feel that 
whenever a sewage treatment plant is 
not performing properly it is largely 
the fault of the operator. Operators, 
on the other hand, quite often complain 
about the way the treatment plant was 
designed and built. After considering 
the complaints of both engineers and 
operators, and having worked profes- 
sionally on both sides, I think both 
groups are at fault and that much good 
could come from better understanding 
and cooperation between them. 

To solve any waste problem it takes 
the combined efforts of both the treat- 
ment plant operator and the design en- 
gineer. If the engineer does a reason- 
ably good job of design, it then is a 
comparatively easy task for the operat- 
ing staff to produce a satisfactory ef- 
fluent. However, if the treatment plant 
is not well designed it becomes a diffi- 
cult problem to operate properly, and 
frequently such a situation reflects dis- 
eredit on the operator when actually 
there is very little that he can do about 
it. Good treatment is a 50-50 proposi- 
tion, depending equally on design and 
operation. 

When a plant is poorly designed and 
difficult to operate, the operator usually 
does nothing except complain to any- 
one who will listen. He may even use 


poor design as an excuse to neglect the 
maintenance and operation of the 
equipment. 
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When the operator of a new treat- 
ment plant finds that something is 
wrong or seems to be wrong with the 


design or construction, he should 
promptly contact the design engineer 
and discuss the situation with him. It 
is frequently found that there is noth- 
ing seriously wrong with the design, 
but that the operator merely did not 
understand the intended function of 
the equipment or plant units. Often 
the operator prefers to operate in a 
manner different from that planned by 
the engineer. After all, no two men 
would lay out a treatment plant in 
exactly the same manner. 

When a plant is to be remodeled or 
when additions are to be designed, the 
engineer should first confer with the 
operator and together they should re- 
view the plant records and make a 
study of the new requirements. There 
is no substitute for good records, both 
for planning future work and inform- 
ing the engineer concerning the opera- 
tion of his design. It would be of con- 
siderable service and value to the de- 
sign engineer if he received periodic 
operation reports from the plants he 
has designed. In this way he could 
evaluate the effectiveness of his plans 
and provide for future improvements 
in his designs. All too often he cannot 
make the personal visits that he would 
like to make. 
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These comments apply also to the de- 
sign and operation of industrial waste 
treatment facilities. Cooperation be- 
tween the chemists and engineers of 
the industry and the designer is of ut- 
most importance because of the com- 
plexity of industrial wastes. Moreover, 
the industry staff is usually familiar 
with the particular problems to be 
encountered. 

The design engineer must see to it 
that operation as well as function is 
carefully considered. Since many de- 
signers have never operated a treat- 
ment plant they should obtain the co- 
operation of an operator who under- 
stands the practical workings of the 
type of plant being considered. A de- 
sign engineer with operating experi- 
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ence will design a better plant than one 
who has not had such experience. 

Finally, the engineer can aid the op- 
erator in his job and assure the owner 
of satisfactory operation if he informs 
the municipal officials or owner as to the 
importance of operation. The financial 
program for the treatment plant should 
be discussed and provision made for 
adequate salaries and maintenance 
funds. A sinking fund should also be 
established for equipment replacement. 

Cooperation between the sewage 
treatment plant designer and the opera- 
tor benefits both parties. The opera- 
tor is a happy satisfied employee, proud 
of his treatment facilities and the engi- 
neer has a living example of his pro- 
ficiency. 


INITIAL OPERATING PROBLEMS AT WILMINGTON, 
DELAWARE * 


By C. Henry 


Superintendent, Sewage Treatment Plant, Wilmington, Del. 


The problems of placing a new sew- 
age treatment facility in operation 
vary with local conditions and may be 
unique to the particular situation. 
Initial operation of the Wilmington, 
Del., sewerage system has been compli- 
cated by the characteristics of the raw 
sewage and the fact that the original 
sewers were constructed for combined 
storm water and sanitary waste. 

Intercepting sewers, ranging in size 
from 42 to 78 in., collect the sewage 
formerly discharged through 29 out- 
falls to the Brandywine and Christina 
rivers. Ninety-eight per cent of the 
intercepted sewage is conveyed by 
gravity to the main pumping station 
from whence it is discharged through 
an 84-in. force main to the sewage 
treatment plant. Maximum capacity 

*Presented at 1956 Annual Meeting, 


Maryland-Delaware Water and Sewage Assn.; 
Washington, D. C.; May 10-11, 1956. 


of this station is 200 m.g.d. and that of 
a smaller pumping station is 3 m.g.d. 

The sewage treatment plant is of the 
primary treatment type with two-stage 
digestion and grit removal facilities. 
Design capacity is 40 m.g.d. with a 
peak flow of 120 m.g.d. Two cireular 
160-ft. diameter clarifiers and four di- 
gesters with floating covers comprise 
the principal treatment units. Sludge 
elutriation is provided and disposal is 
to one of 8 sludge basins. In addition 
to serving the city of Wilmington, suf- 
ficient capacity was designed into the 
interceptor sewers and treatment plant 
to serve the contiguous area in New 
Castle County. 


Operating Problems 


The most serious and extensive 
problems arise from the character of 
the sewage. The dry weather flow is 
about 40 m.g.d. of which 14 m.g.d. is 
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FIGURE 1.—A large tannery hide removed 
from the lift station coarse screens. 


county sewage (mostly domestic), 7 
m.g.d. comes from a textile mill, 11 
m.g.d. is domestic city sewage and 
about 8 m.g.d. comes from industries in 
the city, the largest portion coming 
from tanneries. In spite of the efforts 
taken by the tanneries to date, the raw 
sewage contains much hair, flesh, and 
hides in various sizes from small seraps 
to pieces measuring 2 to 3 ft. wide by 
5 to 6 ft. long (Figure 1). Large 
quantities of grit and sand are re- 
ceived during rain storms especially if 
the streets have been sanded after a 
snow storm. Other sources of large 
solids and trash are open tide gates 
and a combined sewer outlet, which, 
because of its large size has a dam 
with its crest at high tide level instead 
of a tide gate. During extremely high 
tides, railroad ties, large fish and tur- 
tles enter the sewer system at this 
point. 


Meters 


The sewage from the county enters 
the Wilmington sewer system at six 
locations and is measured for billing 
purposes by one of four Parshall 
flumes, a parabolic flume or a venturi 
meter. One of the early problems was 
keeping the meters operating properly. 
Three of the Parshall flumes are sub- 
jected to flooding when the intercep- 
tors run full during extremely heavy 
rains. All the meters are vulnerable to 
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trash clogging the tell-tale pipes which 
connect the flumes to the float wells 
and the float-type meters occasionally 
break cables or get out of adjustment. 
Most of the problems were eliminated 
by confining all work of changing 
charts and making repairs to the me- 
chanics. The meters are inspected 
weekly for any signs of inaccuracy 
when the charts are changed and the 
meters read. Also, every week two 
different meters are completely checked 
and recalibrated, and in addition to 
this, once each year the meters are 
checked by the respective manufac- 
turer’s field servicemen. This mainte- 
nance program has greatly reduced the 
frequency of inaccurate meter opera- 
tion and when inaccuracies do occur, 
they are detected and rectified quickly. 
Tide Gates 

The 25 tide gates, 18 regulators and 
9 diversion manholes present another 
problem in the operation of the com- 
bined sewer system. The sewage regu- 
lators are the float operated type (Fig- 
ure 2) and are adjusted generally to 
take about three times the dry weather 
flow from the combined sewer into the 
interceptors before they begin to close 
and restrict the flow. When the sew- 
age level in the regulator rises, the 
float rises and by means of suitable 
chains and sprockets lowers the shutter 
and restricts the flow. This causes the 
level of sewage in the combined sewer 


FIGURE 2.—Sewage regulator gate and 


float control. 
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to rise and overflow the diversion dam 
to the river. At elevations within the 
tide range, the sewage in the combined 
sewer must rise above the tide level 
in order to force the tide gate open. 

The rate of flow through these float 
operated regulators is controlled by an 
orifice plate between the float chamber 
and the interceptor. When the orifice 
opening is made smaller, the sewage 
will back up in the chamber and raise 
the float at a lower rate of flow. In 
regulating the flow from the small com- 
bined sewers to the interceptors, di- 
version manholes are used. An orifice 
plate with about a 4-in. diameter open- 
ing is located in the bottom of the 
manhole with a dam downstream in 
the combined sewer. The dam and 
orifice plate are designed to allow 
about three times the dry weather flow 
to enter the interceptor before the bal- 
ance of the flow overflows the dam to 
the river. 

Tide gates are susceptible to leakage 
as the flow subsides after a storm. As 
they are closing, sticks or other trash 
quite frequently are caught between 
the gate and the seat, allowing river 
water to flow into the interceptors at 
high tide. Frequently during storms 
and occasionally during dry weather, 
trash clogs the orifices in the diversion 
manholes and small regulators. Grit 
and mud also build up in regulating 
chambers and around tide gates. 

The interceptor system is maintained 
by an operator and three laborers, 
using a truck with a dump body and 
crane. To minimize unnecessary over- 
flow to the river and the entrance of 
river water at high tide into the inter- 
ceptor, the maintenance crew clean the 
regulators, diversion manholes and tide 
gates every Friday and after each 
storm. In addition, once each month 
they grease all moving parts on the 
tide gates and regulators. Friday was 
selected for routine maintenance of 
these structures so that they would be 
in the best operating condition before 
the weekend, when none of this crew is 
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on hand to clean them in the event of 
complaints. This routine maintenance 
program has been successful in re- 
ducing excess infiltration from open 
tide gates. Complaints of sewage over- 
flowing into the rivers from clogged 
regulators and diversion manholes are 
seldom received. 


Screens 


Since the main lift station wet well 
is small and interceptor grades are 
relatively flat, the screen channel and 
part of the interceptor system function 
as a large wet well. The sewage level 
in the wet well was kept within a very 
narrow range, which caused low veloci- 
ties and settlement of grit in the screen 
channel. The most serious effect of 
this grit accumulation was the inter- 
ference with screen operation by stop- 
ping the rake at the bottom of its 
travel. During the first year of oper- 
ation, laborers were used to shovel out 
between 4 and 8 eu. yd. of grit ap- 
proximately every 6 to 10 days. This 
labor cost the city numerous wasted 
man-hours. These grit deposits were 


eliminated by lowering the wet well 
level and having the lift station oper- 
ator control this level according to the 
flow to prevent velocities less than 2 ft. 
per second in the screen channel. 
More recently, the pump controls have 
been set to maintain the sewage at a 


FIGURE 3.—Hides caught on the hori- 
zontal spacer bars of the coarse screens. 
(Fine screens in background.) 
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higher level most of the time, thereby 
reducing the over-all head on the 
pumps. The wet well is pumped down 
very low at the end of each pump cycle. 

The coarse trash racks are 6 ft. wide 
by 16 ft. high with %4-in. bars spaced 
51% in. on centers. They remove large 
fish, cans, pieces of wood, and hides, 
but mostly clumps of animal hair. The 
major trouble (Figure 3) comes from 
the hides which are caught on the 
horizontal spacer rods and cannot be 
removed by the rake. When the hides 
accumulate on the spacer bars, they 
reduce the open area of the screens and 
force the rake away from the bars as 
it travels upward, causing it to lose 
some of its load. When this happens, 
the flow has to be diverted to the other 
channel while laborers go down into 
the channel and remove these hides by 
hand. These stoppages occur approxi- 
mately every two to four weeks. 

At the lift station, fine screens follow 
the coarse trash racks. They are 6 ft. 


wide and 16 ft. high but have %-in. 


bars on 144-in. centers. These screens 
remove smaller hides, clumps of hair, 
animal flesh, tin cans, wire, bottles, 
leaves, eels, turtles, etc., in addition to 
the usual screenings from domestic 
sewage. The fine screen material is 
discharged to a comminutor and flushed 
through it by water from the force 
main. 

The fine screens were originally the 
biggest operational problem but much 
effort has been expended upon them 
and they are a less frequent source of 
trouble. 

As originally built, the curved rake 
plate of one unit would sag under 
a heavy load of screenings, causing the 
teeth to bind on the bars, tearing the 
rake plate part way off its side brack- 
ets. Both fine screen rake plates had 
to be factory rebuilt and reinforced 
to prevent sagging under load. Here 
again, the hides cause trouble because 
the curved rake plate is not, and prob- 
ably cannot, be made in a perfect are so 
that the wiper blade can swing within 
about 1/32 in. of the rake plate sur- 
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face at all points. When the wiper 
blade is adjusted to sweep the highest 
part of the rake clean, there is as much 
as 14-in. clearance at other points in 
its travel. Often, a small piece of a hide 
will lay flat on the rake plate or hang 
on one of the rake teeth and cause the 
wiper blade to jam when discharging 
or returning. The metal sections of 
the wiper blade now have been re- 
placed with a strip of %-in. by 3-in. 
neoprene rubber to compensate for 
some of the irregularities in the rake 
plate surface, and satisfactory opera- 
tion appears to have been obtained. 


Comminutor 


The comminutor presents another 
problem in that clumps of hair and 
stringy hides are difficult materials to 
shred. Hair often forms mats over 
the slots, and wire and tin cans are 
sometimes caught by the teeth, dulling 
them rapidly and breaking them and 
portions of the combs. Repairs are 
costly since it costs more than $600 to 
replace all the cutting surfaces on the 
comminutor and in less than two 
months, the cutting surfaces again are 
dull or broken. Furthermore, the lift 
station operator must shut the commin- 
utor off, about once each hour, turn off 
the flushing water, and clean out mats 
of material which the comminutor can- 
not handle. Consideration is being given 
to a plan to convey all screenings to the 
trash truck to be hauled away. In ad- 
dition to eliminating the problem at 
the comminutor, the removal of hair 
and other material would reduce oper- 
ating problems at the treatment plant. 
This ean be done now whereas it would 
have been undesirable before, because 
a sanitary landfill operation is avail- 
able to handle the material and pre- 
vent odor nuisances from fecal matter 
which sometimes occur with fine 
screenings. 


Scum Removal 


Hides and sticks, which get through 
the 1-in. openings in the lift station 
screens occasionally clog the pneumatic 
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grit ejectors at the sewage treatment 
plant. However, they present the most 
serious problem, along with the hair, 
in scum handling and sludge pumping. 

Hair and sticks mix with the clarifier 
scum and form a material so viscous 
that it will not flow through the scum 
trough to the seum pit without hosing 
with water. When this material is 
pumped with the plunger-type sludge 
pumps, the operators spend more time 
shutting the pumps down and cleaning 
the ball check valves, unclogging el- 
bows and tees, and backflushing be- 
cause of the hair, sticks and pieces of 
hides (Figure 4), than they spend 
pumping. The scum cannot be han- 
dled through the elutriation tanks, 
with the raw sludge to be thickened, 
because there is no seum removal 
equipment in these tanks. When this 
scum is pumped directly to the di- 
gesters, it gives a great deal of trouble 
by clogging the elbows and tees at the 
sludge heaters. This happens when a 
few sticks build up at a turn and 


eatch hair and hides until a solid plug 
is created in the line. 

When this scum reaches the di- 
gester it forms a very viscous, gelatin- 
like layer of scum on the top of the 
digester which the hair, pieces of hides 


and sticks tend to reinforce. Fortu- 
nately there is a line connecting the 
suction manifold of the digested sludge 
pumps to the center of each digester 
near the top, so that the viscous scum 
ean be pumped to the sludge lagoons. 
This is a slow process and the pumps 
require constant attention and fre- 
quent cleaning of the check valves, but 
it is better than not having any method 
of removal. 

A non-clog, recessed impeller, cen- 
trifugal pump is planned for installa- 
tion at each scum pit to pump this 
material directly to the sludge lagoons. 


Other Problems 


Condensate in the gas meters at 
the treatment plant eats holes in the 
leather diaphragms. These meters are 
being rebuilt with synthetic rubber 
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FIGURE 4.—Trash removed from sludge 
pump after pumping scum. 


diaphragms. A system of draining the 
condensate in a safe economical way 
is being worked on. 

In November, 1955, a broken water 
line washed the soil out from under 
the electric substation, causing it to 
settle enough to break the under- 
ground 600-amp. service line. The 
water line was rerouted around the sub- 
station and the electrical service was 
changed to overhead with allowance 
for future settling. 


Staff Organization 


The organization of personnel and 
the shift schedule of the operators pro- 
vide for a continuous rotation of per- 
sonnel. The chief operator has 12 
operators, with 8 men working on a 
shift schedule. Four of these 8 shift 
operators work at the pumping station 
and four work at the sewage treatment 
plant. The schedule provides one oper- 
ator on each of three shifts with one off 
every day of the week. Each shift 
operator works seven days on the 7 
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AM to 3 pM shift, has four days off, 
works seven days on the 11 pm to 7 
AM shift, has two days off, works seven 
days on the 3 pm to 11 pm shift, and 
then has one day off before starting on 
the 7 am to 3 pm shift again. Thus 
each man has an average of 42 hr. per 
week and each operator is experienced 
in the work of all shifts. The remain- 
ing four operators work at the treat- 
ment plant on the 7 am to 3 pm shift 
which is the time during which most 
of the work is scheduled. 

The laboratory work and record 
keeping is done by a clerk-technician 
and for maintenance work there is a 
chief mechanic, two first-class mechan- 
ics and two second-class mechanics. In 
addition, for maintenance of the 
grounds and interceptor system, there 
are the previously mentioned foreman, 
two light equipment operators and 
three laborers. The total complement 
of operating personnel is 26 men in- 
eluding the superintendent. 

The other problems in the operation 
of this new sewage treatment system 
are common to most new installations. 
However, the city of Wilmington has 
been reasonably successful in getting 
and training good personnel, and ob- 
taining reasonable wages to pay them, 
together with sufficient money to oper- 
ate and maintain the system. 


Sewer Ordinances and Pretreatment 


The problems caused by the hides 
and hair from the tanneries are so vex- 


Operating personnel responsible for 
the maintenance and satisfactory func- 
tioning of sewage lift stations should 
have a voice in the design of the facili- 
ties which they must service. The fol- 
lowing lift station design tips empha- 
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ing that the reader is prompted to 
wonder why a sewer ordinance has not 
been placed into effect. Actually the 
problem cannot be solved so simply. 
In the first place, the treatment fa- 
cilities were advertised as being ade- 
quate to handle all the wastes from the 
Wilmington area. Secondly, the sys- 
tem is fianced by a sewer service charge 
based on the water consumption. Ac- 
cordingly, since the tanneries use a 
large quantity of water, they are one 
of the principal supporters of the sys- 
tem. Finally, many of the tanneries 
are in old inadequate buildings with 
little similarity to a modern efficient in- 
dustrial setup. Tanning of the leather 
is carried on in much the same man- 
ner as it was generations ago. Wastes 
are discharged through a myriad of 
drains to the storm or sanitary system. 
In some instances the old works are 
built over storm drains that are now 
intercepted by the sewer system. As 
a consequence, it is virtually impos- 
sible to separate the tannery wastes for 
pretreatment. 

The cost of automatic fine screens to 
remove the hair would be an extreme 
hardship on many of the small tan- 
neries. 

Accordingly, the policy has been one 
of patient tolerance and quiet, con- 
tinuous education. It took many years 
to obtain the present treatment facili- 
ties, and a few more years to obtain in- 
dustrial waste pretreatment facilities 
ean be expected. 


size operational design features rather 
than structural or hydraulic consider- 
ations. 


1. Provide the large lift station with 
a travelling hoist on rails, and the 
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smaller stations at least with adequate 
support for a chain hoist. 

2. Provide ample lighting, with at 
least one convenience outlet. Where 
equipment is easily seen and reached, 
it is better maintained. 

3. Provide adequate ventilation with 
six air turnovers per hour for con- 
tinuous operation, and a turnover of 
2 to 3 min. for intermittent operation 
in both wet and dry pits. Place both 
the light switch and blower switch in 
the same cover with a 2- to 3-min. time 
delay relay on the light cireuit if venti- 
lation is intermittent. Entrance to the 
chamber before it is ventilated is thus 
minimized. 

4. Raise the sump pump discharge 
to within 9 to 12 in. of the top of the 
lift station to minimize flooding of sta- 
tion through an inoperative sump 
pump. 

5. Provide a small pipeline to drain 
water from the pump packing gland 
to the sump. Packing glands must 


continuously pass some water to pre- 


vent excessive wear and provision must 
be made to handle this drainage. 

6. The inlet to the manhole or wet 
well should be at least 3 ft. above the 
centerline of the pump inlet. The low 
setting on the pump control should be 
set to stop the pumps when the sewage 
level is drawn down to the invert of the 
inlet, thereby draining the sewer line 
and preventing the pump from picking 
up air and becoming deprimed. 

7. Adequate conerete or other back- 
ing should be used at caulked joints in 
discharge line to prevent loosening of 
joints due to water hammer. 

8. The lift station discharge line 
should be laid on an up grade to elimi- 
nate air binding. Discharge into the 
receiving manhole should be at least 
1 ft. above high water level in the 
manhole. 
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9. A hose bib should be provided in 
the dry pit for washing down walls, 
floor and equipment. 

10. The use of lubricated plug 
valves should be given careful con- 
sideration when choosing valves for the 
lift station piping. Although a little 
more expensive, plug valves are an ex- 
cellent selection for sewage pumping 
stations. A 90° turn is all the move- 
ment required from clear open to clear 
shut, and the hydraulic characteristics 
of a plug valve are better than those 
of a gate valve, since friction losses are 
less. Gate valves have been used ex- 
tensively on the inlet and discharge 
side of pumps and have been the 
source of considerable trouble in lift 
stations. Stones or rags caught in the 
seating area will render tight closure 
impossible. 

11. Velocities through check valves 
should be maintained at a minimum. 
Any reduction in size of discharge line 
should be made after the check valve. 
If proper consideration is not given 
to the friction loss through a check 
valve, the capacity of a sewage pump 
may be affected as much as 20 per cent. 
Excessive tension on _ spring-loaded 
check valves may result in consider- 
ably higher head losses than those con- 
templated by the designer, and be re- 
sponsible for otherwise unexplained 
loss in capacity of pump. 

12. Stairways instead of ladders are 
to be preferred in both wet and dry 
wells. 

13. Provide ample support for both 
inlet and outlet piping to eliminate 
any possible strain on the pump casing. 
Stresses from piping connections are 
frequently responsible for impeller 
shaft misalignment, with resultant 
wearing of sleeves, packing glands and 
eventual shaft failure. 
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The suspension of secondary sewage 
treatment facilities during the winter 
months has been practiced at a number 
of sewage treatment plants located in 
cold climates. The principal advantage 
of this procedure has been the avoid- 
ance of winter operating problems due 
to freezing of the secondary trickling 
filter units. Stream conditions are 
usually such that nuisances are not 
created during the winter. 

There were two factors which led to 
the suspension of secondary treatment 
during the winter months at Lacka- 
wanna, N. Y. Permission already had 
been granted by the New York State 
Health Department to construct a new 
primary treatment plant with a force 
main to discharge the effluent at the 
point of discharge of the cooling wa- 
ters from the Bethlehem Steel Co. 
manufacturing operations. The sus- 
pension of secondary facilities now 
would give a good indication of the 
effect of primary effluent on the condi- 
tion of the creek without the benefit 
of the industrial cooling waters. 

At the suggestion of the Erie County 
(N. Y.) Health Department, detailed 
studies were made of the treatment 
plant effluent and the quality of the 
stream. The results of these studies 
would determine the final decision on 
whether or not secondary treatment 
would be permanently eliminated. 

The standards established by the 
New York State Water Pollution Con- 
trol Board specify a minimum of 4.0 
p.p.m. dissolved oxygen in Class AA, 
A, B and C streams and 3.0 p.p.m. 
in Class D streams. Rush and Smokes 
creeks, which receive the effluent from 
the Lackawanna and Blasdell sewage 
~* Presented at 1956 Spring Meeting, New 


York Sewage and Industrial Wastes Assn.; 
Buffalo, N. Y.; May 29, 1956. 
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treatment plants, are both classified 
as ‘‘D’’ streams. With the filters not 
operating, the dissolved oxygen of the 
streams exceeded the minimum stand- 
ard for Class D streams. 

An analysis of the stream survey re- 
sults revealed the following facts: 


1. The coliform content of the 
stream above the sewage treatment 
plant outfall was in all cases consider- 
ably higher than that of the final 
plant effluent. 

2. The coliform content of the 
stream 2,000 ft. below the outlet was 
much lower than it was 100 ft. above 
the outlet. This indicated that the 
chlorinated effluent might actually be 
producing a toxic effect on the coli- 
form bacteria in the stream. 

3. There was only a small decrease 
in the dissolved oxygen content of the 
stream 50 ft. below the effluent outlet, 
and 2,000 ft. farther downstream the 
D.O. content had increased an average 
of 10 p.p.m. Similarly, the B.O.D. 
was lower 2,000 ft. below the outlet 
than it was at 50 ft. This signified 
that the zones of degradation and de- 
composition occupied only a_ short 
stretch in the stream, with rapid re- 
covery commencing within a short dis- 
tance beyond the outfall. 

4. There was little difference be- 
tween the B.O.D. of the primary tank 
and filter effluents, since no secondary 
treatment was being accomplished by 
the filters. However, final sedimenta- 
tion and chlorination produced an ap- 
preciable removal of B.O.D. There- 
fore, the final effluent was almost 
equal in quality to sewage which had 
undergone complete secondary treat- 
ment. 


This series of tests seems to sub- 
stantiate the following facts as they 


= 
gh 
af 


Vol. 28, No. 9 


apply to the use of unheated Imhoff 
tanks and standard-rate trickling fil- 
ters. Secondary treatment can be 
safely suspended during the six win- 
ter months of the year. This would 
actually result in a better and more 
uniform year-round control of the 
treatment plant effluent. 

Although this may sound paradoxi- 
eal, actually it is not. During the cold 
months there is an abundance of dis- 
solved oxygen in the stream and also 
a sufficient volume of diluting water, 
which more than compensates for a 
lower quality effluent as a result of 
the suspension of secondary treatment. 
Furthermore, in this particular case 
the zones of degradation and decom- 
position were small and recovery of 
the stream was rapid. Also, the bac- 
terial count was more than satisfac- 
tory. 


Effect of Secondary Treatment 


If secondary treatment is used 


throughout the year, this is what hap- 


pens in a trickling filter. After it un- 
loads in the months of May, June, 
July, and perhaps slightly in Sep- 
tember, it begins to store quantities 
of sludge in the voids of the filter 
stone and on the stones themselves. 
A larger quantity is stored than was 
commonly accounted for in previous 
years. This sludge is quite inert and 
contains considerable ‘‘bound water,”’ 
which makes it difficult to dewater, 
even with the help of chemical treat- 
ment. 

During the winter months, sludge 
will not dry well, even in glass-covered 
drying beds. Accordingly, it aceu- 
mulates in the Imhoff tank and the 
sludge storage capacity begins to be 
overtaxed during cold weather. This 
condition reaches a peak near the end 
of May. In the meantime the diges- 
tion potential of the Imhoff tanks de- 
creases from October to May as the 
sludge becomes chilled and bacterial 
action decreases. Consequently, there 
is considerably less digestion action in 
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May than in October, and the quan- 
tity of digested sludge is smallest in 
the spring. 

While digestion conditions become 
less favorable in the Imhoff tank, the 
trickling filter is continuing to accu- 
mulate sludge. Therefore, by May the 
sewage treatment plant is not in very 
good condition. The number of bac- 
teria in the seeded sludge is at a low 
point and biological activity is low. 
Unfortunately, there is a maximum. 
quantity of sludge in the Imhoff tank: 
because of limitations on sludge dry- 
ing during the winter; therefore, the 
Imhoff tank can just about take care 
of the incoming load of fresh solids. 
It is in no condition to accept the inert: 
secondary sludge which soon will be 
coming from the trickling filters. 

If all the sloughed-off sludge is 
pumped to the incoming sewage it will 
settle out in the Imhoff tank, forming 
a distinct layer which will prevent the 
contact of digested seed sludge with 
the fresh solids. Sludge withdrawal 
now, to make digestion space avail- 
able, would result in a mixture of sec- 
ondary and raw sludge within the di- 
gestion compartment. When this mix- 
ture is drawn onto the sludge drying 
beds, it will be months before the 
sludge will dewater so that it can be 
removed. If the sludge is not with- 
drawn the storage capacity is quickly 
loaded right up to the slots, and the 
raw sludge begins to settle out in the 
flow-through compartment. This raw 
sludge begins to digest slowly, form- 
ing gas bubbles which are trapped 
within the mass, eventually buoying 
the sludge mass. The odor of this 
floating mass is very foul and particles 
are carried over the weir and into the 
trickling filter, where they decompose 
and augment the odor. 

For years this troublesome second- 
ary sludge was pumped to a large 
lagoon between two railroad tracks 
adjacent to the plant. However, about 
four years ago this practice was dis- 
continued on complaint of the rail- 
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roads and the citizens in the vicinity 
of the sewage plant. A vacuum filter 
was then installed to augment the 
drying process during this difficult 
period. 

Prior to the lagooning practice, 
most of the sludge was permitted to 
remain in the final settling tank, re- 
moving only that amount which could 
be safely absorbed by the Imhoff tank. 
Settleable solids tests taken at 8:00 
AM did not represent the amount of 
sludge discharging from the filters in 
May, June or July. However, as flow 
and temperature increased, the amount 
of solids sloughed off the filter in- 
ereased proportionally. The increased 
amount of unloaded sludge and the 
increased velocity of flow through the 
final tanks stirred up the quiescent 
layers of sludge at the tank bottom, 
so that a large amount of sludge went 
over the weir and into the creek. The 
result was a serious nuisance in the 
ereek during the low-flow periods of 
summer. Below the outfall, algae and 
floating scum gave rise to odors and 
numerous complaints. 


Conclusions 


The elimination of trickling filter 
secondary treatment during winter 
months, under strict supervision, is 
feasible and economical. This will 
eliminate the shock on the digestion 
system of unloaded sludge from the 
trickling filter during the summer. 
However, the suspension of second- 
ary treatment must be strictly super- 
vised. Adequate control tests must 
be used. 

The filter would be placed in opera- 
tion early in the spring (May) and 
within three weeks it should reach 
its optimum operating condition. The 
voids between the stones are at a maxi- 
mum and can easily store the stabil- 
ized secondary sludge throughout the 
warm summer months, when a top- 
quality effluent is essential. In the 
latter part of October or early No- 
vember, gradual shutdown of second- 
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ary treatment can be started, and by 
forced unloading, the stones can again 
be cleared up and the filter made 
dormant for the winter months. 

The elimination of secondary treat- 
ment need not be applied only to con- 
vetional Imhoff tank-trickling filter fa- 
cilities. There would be advantages 
in a treatment plant which utilizes 
separate heated digesters and a high- 
rate trickling filter, such as the follow- 


ing: 


1. There is an immediate reduction 
in the amount of electrical power used, 
through the elimination of the recir- 
culating pumps. The life of the equip- 
ment can be lengthened considerably 
if it is properly placed in standby 
condition. 

2. Fuel consumption for heating the 
digester is reduced since the second- 
ary sludge (which is low in volatile 
solids and gas-producing potential but 
high in water content) is eliminated. 
This sludge occupies a considerable 
amount of space in the digester, and 
more heat is required to keep the ex- 
cess water at the desired temperature. 

3. The secondary sludge overtaxes 
the storage capacity of the separate 
digesters. Small plants usually have 
outside drying beds, which means that 
sludge cannot be withdrawn during 
the period from October to May. This 
means that the sludge has to be kept 
in storage for at least six months. 

4. The recirculating pumps, rotary 
filter distributors and other equipment 
ean be dismantled, checked and re- 
paired if necessary; thus putting it in 
top shape for next season’s operation. 

5. There is less labor involved. The 
laborer is freed from the job of with- 
drawing secondary sludge. 

6. The elimination of a six-months’ 
accumulation of secondary sludge from 
the digesters would result in mainly 
a primary sludge to be dewatered in 
the drying beds. Since primary sludge 
dries readily the drying process would 
be hastened considerably. 
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The Imhoff tank and standard-rate 
trickling filter treatment plant is a 
good system, especially for small com- 
munities. The effluent from this sys- 
tem is quite satisfactory and it requires 
a minimum of expert supervision, both 
in operation and maintenance. Sus- 
pension of secondary treatment during 
winter months can improve the effec- 
tiveness of the over-all operating effi- 
ciency. This is particularly true when 
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funds for personnel and additional 
equipment are limited. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Tomorrow’s work is hard for many persons because they 
procrastinate today.’’—Thomas Dreier 


Attention operators! It will be appreciated if copies of the annual reports of both large 
and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. Please direct annual reports to: The 
Operator’s Corner, Federation of Sewage and Industrial Wastes Associations, 4435 
Wisconsin Ave., N.W., Washington 16, D. C. 


Annual Report of the Oshkosh, Wis., Sewerage Commission for the Years 
1954 and 1955 * 


By R. W. Frazier, Engineer-Superintendent 


General 


Normal operation of the primary 
sewage treatment plant and eight lift 
stations was experienced as reported 
in the 17th and 18th annual reports. 
The report year ended on October 31. 
A flash flood July 28, 1955 created 
flooding conditions in some sections of 
the city and flooded out the Lake Drive 
pumping station. 

On three occasions in 1955 the fire 
department notified the treatment 
plant that gasoline from service sta- 
tions was being flushed into the sewers. 
On one occasion the condition was so 
bad that heavy gasoline fumes were 
present in the sewers and at the treat- 


* For last previous extract see THIS JOUR- 
NAL, 26, 8, 1047 (Aug., 1954). 


ment plant. A very dangerous con- 
dition was created and every means 
of force ventilation available was 
utilized. The fire chief notified all 
service stations, bulk gasoline plants 
and dry cleaning establishments by 
letter of the proper procedure for 
handling flammable liquids and cited 
the city ordinance on explosive liquids. 

Two high school graduates were em- 
ployed in the summer of 1954 to do 
various outside jobs, such as mowing 
lawns, cleaning sludge beds and paint- 
ing. These men were also used at the 
pump stations for similar duties. 

The treatment plant staff was host 
to the Wisconsin Conference of Sewage 
Works Operators at the Spring Con- 
ference in May, 1954. 
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A 15-year program to separate storm 
drainage from the sanitary sewer sys- 
tem has been established, following 
a study by a firm of consulting engi- 
neers. The initial phase of this work 
started with the construction of storm 
sewers on Main Street. The combined 
sewers in this section of the city were 
constructed 67 years ago. An ordi- 
nance to eliminate roof and storm- 
water drainage from the sanitary 
sewers was enacted in 1954. 


Plant Grounds 


Procurement of land from a local 
manufacturing plant made it possible 
to complete the landscaping of the 
plant grounds. This marsh area in 
front of the plant is now filled and 
completely landscaped, thus conclud- 
ing a project that had been in prog- 
ress for 15 years. 

A large number of trees and shrubs 
were planted and a lawn water system 
was installed. Water is taken from 
the creek by a high pressure gasoline 
pump. During the 1955 dry spell the 
watering of plant grounds with this 
system was a source of vexation to the 
citizens who were under watering re- 
striction by the water department. 

Signs were installed on the plant 
grounds and picnic tables were placed 
in the park-like grounds along Camp- 
bell Creek. The location of the treat- 
ment plant on the creek and its land- 
scaped grounds make it an attraction 
for local fishermen. 

Better control of an adjacent mu- 
nicipal rubbish dump would enhance 
the area. Rats were a problem and 
poisoned bait is used periodically on 
the plant grounds. 


Equipment 


Routine maintenance of treatment 
plant equipment was undertaken dur- 
ing both years. Steaming of the scum 
lines and backflushing of the sludge 
and scum lines with the sludge pumps 
were done as in previous years. A new 


1182 SEWAGE AND INDUSTRIAL WASTES 


September, 1956 


water-seal pump and motor were in- 
stalled to replace original equipment. 
Waste-gas burner lines were checked 
and cleared. New air chambers were 
installed on the sludge pumps. 

The equipment has been in service 
for 18 years, as of 1955, and the bene- 
fits of careful preventive maintenance 
are apparent. However, the effects of 
age are becoming evident and consid- 
eration must be given to eventual re- 
placement. Plant capacity is adequate 
for foreseeable future load. 


Pumping Stations 


Odor control in two of the lift sta- 
tions continued to be necessary; chlo- 
rine has been used for several years 
but is not as effective as it should be. 
Up-sewer chlorination would be desir- 
able. Experimental application of a 
deodorant as a fine spray in the wet 
well was studied. A more thorough 
test will be conducted at the lift sta- 
tion in one of the large city parks. 

Mischievous shooting with BB guns 
requires periodic replacement of glass 
block windows. 

The flooding of the Lake Drive sta- 
tion necessitated replacing wiring and 
controls, cleaning up the pumps and 
baking out and reinsulating the elec- 
tric motors. One motor required re- 
winding. This station is completely 
underground. 

The stainless steel floats were re- 
placed at one station. Routine main- 
tenance was practiced as in previous 
years. 


Recommendations 


1. As recommended in previous 
years funds should be provided for 
separation of storm and sanitary sew- 
ers. Pumpage at the treatment plant 
and stations is becoming critical. New 
subdivisions and newly annexed areas 
continue to increase the load at the 
treatment plant. 

2. A system for checking on roof- 
drain separation for compliance with 
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the recently enacted ordinance is nec- 
essary. 

3. The cleaning of all sewers and 
the rebuilding of manholes and catch 
basins should be programmed. 

4. Sewer outlets in the river and 
lake should be repaired and extended. 

5. Purchase of a gang-power lawn 
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tain adequately the increased lawn 
area. 

6. Worn-out equipment should be 
replaced. 

7. The facilities at the Lakeview and 
Lake Drive pumping stations should 
be improved. 


Table I summarizes operating data 


mower is desirable in order to main- for the two-year period, 1954~55. 


TABLE I.—Summary of 1954-55 Operating Data, Oshkosh, Wis., Sewerage Commission 


Item 1954 1955 
Pop. cs 43,000 43,000 
Screenings (em. ft./m.g.) 0.99 0.84 
Settleable solids: 
Raw 4.8 4.9 
Suspended solids: 
Volatile (9) 72.7 75.2 
B.O.D., 5-day: 
Raw (DIMA) 170 147 
pH: 
Chlorine: 
Sludge data: 
Geum removal (G.9.0.) 340 340 
Raw sludge: 
Total removed (G.94.) 7,252 8,339 
Digested Sludge: 
Solids, Sotel 768 943 
Gas produced: 
Operating cost ($): 
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Annual Operation Report of the De Kalb (Ill.) Sanitary District Sewage 
Treatment Plant, for the Years 1953 and 1954 * 


By Donatp E. Henn, Manager 


General 


Weatherwise, 1954 was one of the 
most eventful in the history of the San- 
itary District. The weather, which pro- 
duced the heaviest rainfall and highest 
temperatures since records have been 
kept, was responsible either directly 
or indirectly for many unusual and diffi- 
cult operating problems. Rainfall dur- 
ing the year kept the sewage flow high 
and a series of storms from October 2 
to 10 produced the worst flood in De 
Kalb in more than 70 years. The trick- 
ling filters and secondary clarifiers were 
completely submerged by the flood ; lift 
stations were put out of service and 
many basements and streets were 
flooded. Personnel worked many ex- 
tra hours during the year in an effort 
to handle the emergency conditions 
caused by the weather. 

Personnel and equipment difficulties, 
rather than weather, played a predomi- 
nant part in the 1955 operations. Per- 
sonnel problems caused considerable 
concern during the last half of the 
year due to uncontrollable causes. The 
heart attack in June of the plant op- 
erator removed an employee with 25 
years of service, and the sudden death 
in October of the assistant operator 
left the district with the manager as 
the only experienced operator. Due to 
the seasonal and variable nature of 
sewage treatment plant operation, 
many years of experience are necessary 
to develop a trained operator. A high 
school graduate was hired as operator, 
and fortunately has taken a great in- 
terest in sewage treatment and is de- 
veloping into a reliable operator. 

Equipment problems included the 
aging of the pumps and appurtenances 
at the two old pumping stations, the 
overloaded condition of the digester 


*For last previous extract see 
JOURNAL, 27, 4, 504 (April, 1955). 
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and sludge drying beds, and the in- 
ability of the grit chambers to classify 
and settle grit. Relief appears in 
sight for some of the District’s prob- 
lems as presented in a report made by 
a consulting engineering company re- 
tained in 1954 to study the problems. 
In February, 1956 the citizens ap- 
proved $1,042,000 in general obligation 
bonds, to finance extensions and im- 
provements to the sewerage facilities. 

A serious fish kill occurred in the 
Kishwaukee River above the plant. 
Although the condition was investi- 
gated and appeared to be caused by a 
poison discharged to a storm sewer, the 
causative agent was never identified. 

The hot weather of 1955 burned 
thousands of the early gladiolas and 
asters. However, later plantings did 
better. The sewage treatment plant 
grounds continued to be a gladiola 
show place. More than 26,000 gladiola 
bulbs were planted in 1954 and 1955. 

The cannery wastes were handled as 
in other years, being discharged to the 
treatment plant from the cannery la- 
goon. The wet weather in 1954 re- 
quired the release of more cannery 
waste than desirable, but the higher 
dilution factor in the river offset the 
decrease in B.O.D. removal efficiency 
of the treatment units. 


Plant Units 


The treatment plant was by-passed 
for 30 hr. in March, 1954, to remove 
grit that had been washed into the 
primary settling tanks as a result of 


an intense rain storm. This was the 
first time by-passing had to be re- 
sorted to since May, 1943. However, 
in March, 1955, the plant was again 
by-passed to permit the cleaning of the 
primary clarifier; this time it required 
73 hr. 

On January 8, 1955 the treatment 
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plant and two of the pumping stations 
completed 25 years of service. Al- 
though some treatment units are over- 
loaded and others are at capacity, 
there appear to be many years of use- 
ful service remaining in the equip- 
ment. 

Even with the high sewage flows the 
suspended solids reduction was about 
average (70 per cent), whereas B.O.D. 
reduction was 77 per cent in 1954 and 
79 per cent in 1955, an increase from 
the 70 per cent efficiency obtained in 
1953. Analytical tests were not run 
during October, 1954. 

The interior of the screening build- 
ing has deteriorated due to the high 
humidity and frost action. However, 
this structure will be replaced when 
the plant improvements are made. 
Grit removal in 1954 was approxi- 
mately twice as much as in previous 
years due to the storm flow. The grit 
basins were ineffective during the first 
three months of 1955, due also to the 
high sewage flows. 

Except for routine maintenance, the 
only attention needed by the primary 
clarifiers was the removal of grit. This 
material had been washed into the 
tanks by excessive flow in such quan- 
tities that the scraper mechanism was 
jammed. Cleaning operations were 
necessary in March of 1954 and 1955. 

The trickling filters operated effec- 
tively during this two-year period. 
Heavy growths developed on the filter 
stone during the time when canning 
wastes were being treated. Slight 
ponding occurred but was relieved 
when the filter unloaded in the fall. 
The secondary clarifier was by-passed 
during the winter, usually from No- 
vember to May. During this period 
in 1955 the sludge pump, which had 
given considerable mechanical trouble, 
was returned to the manufacturer for 
a complete overhauling. 


Sludge Digestion 


The 40-ft. diameter, 22,600 cu. ft., 
fixed cover digester has been over- 
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loaded for several years. Two sludge 
storage tanks, having a total capacity 
of 23,000 eu. ft., are available to handle 
sludge during the winter. Present 
operation, however, is to use these 
tanks as secondary digesters. 

Grit, washed into the clarifiers in 
1955, finally plugged the sludge draw- 
off line. It was eventually freed by 
flushing with a fire hose. 

Gas production was satisfactory for 
all uses during 1954, but in 1955 the 
formation of a hairy scum prevented 
the release of digester gas to the gas 
collecting dome. There is no provision 
for gas storage and gas must be used as 
produced. The flow of gas to the 
boilers ceased on November 13 until 
scum was removed from the gas dome. 
A recurrence of this condition on No- 
vember 27 required the removal of 
more scum. Propane gas is used for 
heating when digester gas production 
does not meet the daily needs. 

Difficulty has been experienced in 
drying the digested sludge due to in- 
adequate digestion of the sludge as a 
result of digester overload. This con- 
dition, together with excessive rain 
throughout 1954, resulted in a serious 
situation by August. Less than 55 per 
eent as much sludge was dried as in 
1953. With all drying beds full of wet 
sludge and both storage tanks and the 
digester full, a large sludge lagoon 
with an estimated capacity of 30,000 
cu. ft. was dug. The storage tanks 
were emptied and some digester sludge 
was removed. 

Due to the condition of the sludge, 
it dried slowly even during the hot 
dry months of 1955. Consequently, 
another sludge lagoon was dug in No- 
vember, and the lagoon dug in 1954 
was cleaned out. 


Pumping Stations 


Although the four sewage pumping 
stations were overloaded and put out 
of service during the 1954 flood, only 
two stations flooded to such a depth 
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that the drying out of the electric 
pump motors was required. All sta- 
tions had to be cleaned, conduits dried 
and some new wiring installed. 

The two original stations required 
extra care in order to keep them oper- 
ating satisfactorily. The new pneu- 


Item 


Tributary population .... 
Sewage flow (m.g.d.): 
Average 
Maximum 
Minimum 
Screenings (cu. ft./m.g.) 
Sludge pumped (1,000 gal./day) 
Suspended solids (p.p.m.): 
Raw 
Settled 
Filtered 
Reduction (%) 
B.O.D. (p.p.m.): 


Filtered 
Final 
Reduction (%) 
Digester gas produced: 
1,000 eu. ft./day 


What happens when an industrial 
processing company has to pay two to 
three times as much for getting rid 
of their used water as it costs for the 
original potable supply? The answer 
is that management looks for ways to 
eut down these non-productive costs. 
~* From the Sewage Disposal Section news- 


letter, Division of Engineering, Department 
of Public Works, Cincinnati, Ohio. 
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TABLE II.—Summary of Operating Data, De Kalb (Ill) Sanitary District, 
for the Years 1954 and 1955 


CINCINNATI INDUSTRY REDUCES SEWER 
SURCHARGES * 


By C. E. FisHer 
Assistant Engineer, Sewage Disposal Section, Division of Engineering, 
Department of Public Works, Cincinnati, Ohio 


September, 1956 


matic ejector station serving a subdi- 
vision has failed to give satisfactory 
service. It has been serviced several 
times, but continues to air lock. 

A brief summary of operating data 
for the years 1954 and 1955 is given in 
Table II. 


Average 


1954 1955 
45.37 30.46 
14,800 15,000 
1.75 1.83 
1.14 0.97 
3.0 3.0 
3.3 5.2 
203 190 
103 88 
79 71 
68 70 


54 46 
77 79 
9.7 9.4 
0.69 0.62 


This is exactly what has happened in 
Metropolitan Cincinnati during the 
past three years. 

When the Sewerage Surcharge Ordi- 
nance was passed on January 21, 1953, 
the city recognized the need for pro- 
viding incentive to industry for pre- 
treating high-strength wastes. Conse- 
quently, Section 7 of Ordinance No. 
25-1953, City of Cincinnati, provided 
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that a company which installed pre- 
treatment facilities by August 1, 1954 
would be refunded an amount equal 
to the difference between the sur- 
charge paid and that which would 
have been paid had the pretreatment 
facilities been in operation. Twenty- 
three major companies took advantage 
of this clause. As a result, during the 
first year of surcharge collection, a 
net total of $222,000 was refunded 
which represented 36 per cent of the 
total $609,000 collected from this 
group. 

How was itdone? By physical waste 
treatment installations, good house- 
keeping practices and modification in 
processing methods. It is estimated 
that 5 million dollars was spent by 
industry during 1954 in controlling 
industrial wastes. 

Primary treatment methods are em- 
ployed in all cases. Discounting what 
would be considered small installa- 
tions, the types of treatment and num- 
ber of companies using them are: set- 
tling tanks, 15; neutralization tanks, 
8; skimming tanks, 3; lagoons, 8; 
flocculation tanks, 5; air flotation 
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tanks, 5; vacuum filters, 3; screens, 
3; centrifuges, 3. In addition, many 
plants employ various methods of re- 
covery which oftentimes prove profit- 
able to the concern. 

The Revenue Engineering and In- 
dustrial Waste Control Section is in- 
terested in wastes not only from the 
surcharge aspect, but also in the effects 
of certain deleterious type wastes— 
those which may cause maintenance 
difficulties or structural damages in 
sewers, force mains, pumping stations, 
sewage regulators and the sewage 
treatment plants. Consequently, in- 
dustry is required to make corrective 
measures on highly acidic or alkaline 
wastes, those containing cyanides, phe- 
nols, metals and toxic materials; and 
oils and other objectionable types of 
wastes. 

In addition to the past effective city- 
industry cooperation in pretreatment 
and control of wastes, the objectives 
of the Metropolitan Sewage Disposal 
Program depend on repeated investi- 
gations to determine changes in waste 
discharges resulting from industrial 
process changes. 


MAINTENANCE CONTROL WITH CARD SYSTEM 


By Davip P. BACKMEYER AND ArTHUR E. ScHMER, JR. 


Respectively, Superintendent and Assistant Superintendent, Little Miami Sewage Treatment 
Plant, Cincinnati, Ohio 


When there is a maintenance unit, 
the first need is an accurate yet flexible 
records system. At the Little Miami 
Sewage Treatment Plant, Cincinnati, 
Ohio, a records system was adapted 
from U. 8. Army standards to fit the 
needs of the treatment plant. 

The records system, which is the 
basis for cost control budget estimates 
and anticipation of replacement of 
equipment and parts, works like this: 


1. Each building is classified by a 
capital letter starting with the influent 


end of the plant: ‘‘A’’—pump build- 
ing ; ‘‘ B’’—¢rit chamber ; ‘‘C’’—chemi- 
cal building; and so forth to ‘‘H’’— 
sludge disposal building; and finally 
‘*J’’—administration building. 

2. Equipment in each building is 
likewise numbered in the sequence of 
flow: ‘‘ A-1.2’’—pump building, drain- 
age pumps; ‘‘C-1.2’’—chemical build- 
ing, drainage pumps, and so forth. 


The ‘‘control’’ card file contains 
three 8-in. by 5-in. cards. The first 
eard is filed by buildings and gives es- 
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sential data, such as type of equipment, 
manufacturer, serial number, cost 
when new, appurtenant devices and 
yearly maintenance cost to date. 

The second ecard is filed with the 
first card to facilitate daily entry of 
material and labor cost. 

The third card lists the maintenance 
operations recommended by the manu- 
facturer to prolong the life of the 
equipment and prevent breakdowns. 
The time when each maintenance oper- 
ation should be done is shown. Time 
intervals are carefully set up so that 
a year-round preventive maintenance 
program can be followed and all nec- 
essary operations performed at the 
proper time. 


Picture Postcards 


Effective use of the picture posteard 
has been achieved by a number of 
sewage treatment plants. These cards 
are an effective, inexpensive medium 
for advertising an efficient sewage 
treatment facility. 

Economical black and white photo- 
graphs, reproduced as either glossy 
or mat-finish prints, are generally 
used. The most effective scene is an 
aerial view of the treatment plant, al- 
though attractive scenes from around 
the plant are appropriate. A portion 
of the back of the card, on the message 
side, can be used to carry a few vital 
statistics on the plant. A share of 
the production costs might be will- 
ingly borne by the contractor or con- 
sulting engineer. The postcard of the 
Orlando, Fla., sewage treatment plant 
carries the wording ‘‘Doing our part 
in maintaining the fishing paradise of 
the Southeast.”’ 

These postcards may be kept avail- 
able near the guest register at the 
treatment plant, in the city administra- 
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When the equipment is inspected, 
conditions of wear or need for repairs 
are noted on the third card. If minor 
or major repairs are indicated, the 
work is scheduled for correction by 
maintenance personnel. 

This card system provides the con- 
trol, check and data needed to carry 
out a successful preventive mainte- 
nance program. 

It is foresight to spend $0.10 now to 
keep the equipment and buildings in 
good shape so that it won’t be neces- 
sary to pay $5.00 in repairs within a 
few years. In the long run a sub- 
stantial savings accrues to the owners 
—the citizens. 


tion building where sewer service 
charges are paid, in the engineering 
department office, and even at the local 
convention bureau. Where used they 
have evoked favorable comment. Your 
public relations activities will be of 
interest to other operators; won’t you 
please write to the Operator’s Corner 
today? Just send a picture postcard! 


Missing Records? 


It has been reported that frequently, 
when some employee of a small town 
retires or leaves, records of municipal 
operations disappear. A case in point 
is the retiring of a city clerk, and the 
subsequent inability to locate old 
pumpage records for the city wells. 

City governing bodies should take 
precautions to assure that valuable 
records are preserved after they have 
been so carefully maintained. Rece- 
ords should not be lost through care- 
lessness. This can happen in your 
plant—large or small. 


By 
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Foam Control Product 


A new compound reportedly pro- 
vides improved control of foam at sew- 
age treatment plants. The product, 
known as Foamwilt, is available from 
Fine Organies, Ine., 211 East 19th St., 
New York 3, N. Y. 


Keeping a Hand In 


To keep all hands fresh on the tech- 
nique of making routine laboratory 
tests, one moderate-size sewage treat- 
ment plant requires the day operator 
on Sunday to make the B.O.D. and sus- 
pended solids determinations. Since 
the operating schedule is on a rotating 
basis, all operators get an opportunity 
to refresh their technique. In addi- 
tion to furnishing some interesting 
Sunday data and keeping an other- 
wise dull shift interesting, the lab- 
oratory work keeps the operating per- 
sonnel apprised of the plant efficiency 
and purpose. 


Gassed! 


Four employees of the Bay City, 
Mich., sewage treatment works were 
hospitalized for treatment and observa- 
tion. A valve connected to two full 
eylinders of chlorine was accidentally 
turned on and 700 Ib. of chlorine gas 
escaped. 


Mowing Hazard 


Power lawnmowers will still be put- 
putting for a few more weeks at most 
sewage treatment plants. Each sum- 
mer, however, reports are received of 
a foot, hand or leg cut by a power 
mower. Even a careful operator must 
be constantly on his toes if he wants to 
keep them. 

One particular cause of accidents is 
pulling the mower backward toward 
the operator, either on the level or a 


TIPS AND QUIPS 


1189 


slight slope. A foot may slip or the 
mower pick up speed and the damage 
is done. 

When checking the blades of a 
mower be certain that the wire to the 
spark plug has been pulled. Even a 
slight turn of the blade on a hot mower 
may start it whirling. Rotary-type 
mowers are particularly dangerous. 


Flood 


The near-flood conditions of the 
Ohio River in March, 1956, resulted in 
curtailment of normal operations at 
the Little Miami Treatment Works, 
Cincinnati, Ohio. The removal of sew- 
age solids by the settling tanks was 
greatly reduced because of necessary 
plant by-passing. According to David 
P. Backmeyer, Superintendent, this re- 
duction in solids was reflected almost 
immediately in decreased production 
of digester gas. In a period of three 
weeks, gas production decreased from 
100,720 cu. ft. per day to a low of 
4,210 cu. ft. per day. 

It was necessary to use standby fuel 
oil for heating during this period since 
the digester gas is the principal source 
of fuel for heating the digesters and 
buildings. 


Mushrooms and Fish Worms 


Recently, in the spring and fall, the 


front lawn of the Oshkosh ( Wis.) 
sewage treatment plant proved a mecca 
for mushroom lovers. Three or four 
different kinds of edible mushrooms 
are available for the picking and a 
number of persons have taken ad- 
vantage of this treat. 

Another unplanned public relations 
feature is the presence of angle worms 
where sludge is drained. Many fisher- 
men come to the plant to dig a supply 
of worms. Recently, during a dry 
spell, 12 automobiles were parked near 
the area. Some of the people came as 
much as 30 miles to dig angleworms. 
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Federation Affairs 


TWENTY-NINTH ANNUAL MEETING PREVIEW 


Statler Hotel, Los Angeles, California; October 8-11, 1956 
* 


In CONJUNCTION WITH 


THE CALIFORNIA SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


* 
THE OFFICIAL PROGRAM 


SUNDAY, OCTOBER 7 


Afternoon 


Early Registration—Second Floor Foyer 
Inspection of Exhibits—Wilshire Exhibit Room and Assembly Room 


MONDAY, OCTOBER 8 
Morning 


Registration—Second Floor Foyer 
Inspection of Exhibits—Wilshire Exhibit Room and Assembly Room 
Twenty-Ninth Annual Meeting Called to Order—Pacific Ballroom 
President George W. Martin 
Invocation 
Welcome to Los Angeles—Mayor Norris Poulson 
Reports of Federation Officers 
Organization and Accomplishments of the California Water Pollution 
Control System 
A M Rawn, Chairman, and Vinton W. Bacon, Executive Officer, Cali- 
fornia State Water Pollution Control Board, Sacramento, Cali- 
fornia 


Afternoon—Pacific Ballroom 


Investigation of Primary Lagoon Treatment at Mojave, California 
Robert C. Merz, Associate Professor of Civil Engineering, University 
of Southern California, Los Angeles, California 
Discussion: W. W. Towne, Public Health Engineer, USPHS, Robert 
A. Taft Sanitary Engineering Center, Cincinnati, Ohio 
Evaluation of the Preaeration, Aeration, and Sedimentation Processes at 
the Hyperion Treatment Plant 
Robert D. Bargman, Assistant Chief Engineer, Hyperion Treatment 
Plant, Los Angeles, California 
Discussion: Jack W. Pratt, Sales Engineer, Process Engineers, Inc., 
San Mateo, California 
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Tonnage Oxygen for Activated Sludge Aeration 
W. E. Budd, Sales Engineer, Dorr-Oliver Inc., Stanford, Connecticut 
Discussion: Daniel A. Okun, Professor of Sanitary Engineering, 
University of North Carolina, Chapel Hill, North Carolina. 


Evening 
FAMILY NIGHT ENTERTAINMENT—Pacific Ballroom 


TUESDAY, OCTOBER 9 
Morning—Pacifie Ballroom 


Operating Experiences with Activated Sludge—Biosorption at Austin, 
Texas 


A. H. Ullrich and Mansel Smith, Division of Water and Sewage Treat- 
ment, Austin, Texas 
Super-Rate Biological Filtration 
Marvin Ray, Director of Public Works, Modesto, California 
Oceanography Studies at Hyperion Outfall 
R. E. Stevenson, Hancock Foundation, University of Southern Cali- 
fornia, Los Angeles, California 
Proposed Alterations to Hyperion Plant and Outfall 
Robert J. Theroux, Sanitary Engineer, Hyperion Engineers, Los 
Angeles, California 


Afternoon 


Inspection Trip 
The Los Angeles Hyperion Sewage Treatment Plant 


WEDNESDAY, OCTOBER 10 
Morning 


Laboratory Scientists’ Breakfast 
Gerson Chanin, Leader, Chief Sanitary Chemist, East Bay Municipal 
Utility District, San Francisco, California 
Sewer Maintenance Forum 
A. A. Appel, Leader, Sewer Maintenance Division, Bureau of Sanita- 
tion, Department of Public Works, Los Angeles, California 
Operation of the Oklahoma City Sewage Treatment Plants 
Grover L. Morris, Superintendent, Sewage Treatment Plants, Oklahoma 
City, Oklahoma 
California Fruit and Vegetable Cannery Waste Disposal Practices 
William J. O’Connell, Jr., Consulting Engineer, Burlingame, California 
Disposal of Dairy Wastes by Spray Irrigation 
Frank J. McKee, Sanitary Engineer, Kraft Food Co., Chicago, Illinois 
Location of Wood Products Industries in Relation to the Best Use of the 
Available Natural Waters 
Tobe Arvolo, California Deputy State Forester, and Vinton W. Bacon, 
Executive Officer, California Water Pollution Control Board, 
Sacramento, California 
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Noon 


FEDERATION LUNCHEON * 


Stream Pollution Control Legislation 
John Blatnik, Representative from Minnesota, 
Congress of the United States, Washington, D. C. 


Afternoon—Coneurrent Sessions 


WATER POLLUTION CONTROL SYMPOSIUM: Public Law 660—An 
Opportunity for Intergovernmental Cooperation 


Milton P. Adams, Leader, Executive Secretary, Michigan State Stream 
Control Commission, Lansing, Michigan 

Mark D. Hollis, Chief Engineer, USPHS, Washington, District of 
Columbia 

Anselmo F. Dappert, Executive Secretary, Water Pollution Control 
Section, New York State Department of Health, Albany, New 
York 

David F. Smallhorst, Public Health Engineer, Texas State Depart- 
ment of Health, Austin, Texas 

Edward J. Cleary, Executive Director and Chief Engineer, ORSANCO, 
Cincinnati, Ohio 

Gordon E. McCallum, Chief, Water Supply and Water Pollution Con- 
trol Program, USPHS, Washington, District of Columbia 


RESEARCH SYMPOSIUM 


Jack E. McKee, Leader, Associate Professor of Sanitary Engineering, 
California Institute of Technology, Pasadena, California 


The Sanitary Engineering Research Grants Program—A Progress 
Report 
Harry A. Faber, Research Coordinator, Office of Engineering Re- 
sources, USPHS, Washington, District of Columbia 


Algae in Waste Treatment 
William J. Oswald, W. R. Kellen, Clarence G. Golueke, Harold 
B. Gotaas, Sanitary Engineering Research Laboratory, Uni- 
versity of California, Berkeley, California 
Discussion: Earnest F. Gloyna, Associate Professor of Sanitary 
Engineering, University of Texas, Austin, Texas 
An Experimental Vertical Screen Trickling Filter 
K. L. Schulze, Civil Engineering Department, Michigan State 
University, Lansing, Michigan 
Anaerobic Contact Processes for Sewage Disposal 


J. B. Coulter, S. Soneda, M. B. Ettinger, Robert A. Taft Sanitary 
Engineering Center, USPHS, Cincinnati, Ohio 


Evening 


ANNUAL FEDERATION DINNER and DANCE—Pacific Ballroom 


* Tentatively planned, see SOCIAL FUNCTIONS. 


1956 
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THURSDAY, OCTOBER 11 
Morning—Concurrent Sessions 


THE OPERATORS’ FORUM 


William F. Garber, Leader, Laboratory Director, Hyperion Sewage 
Treatment Plant, Los Angeles, California 


The Public Health Service Programs of Interest to Sewage Plant 
Operators 
Bernard B. Berger, Chief, Water Supply and Water Pollution 
Control Research, Robert A. Taft Sanitary Engineering Cen- 
ter, USPHS, Cincinnati, Ohio 


Maintenance of Sewage Treatment Plant Instrumentation 
Jack M. Betz, Civil Engineer, Hyperion Sewage Treatment Plant, 
Los Angeles, California 


The Engineer as a Manager 
E. P. Coleman, Professor of Engineering, University of California, 
Los Angeles, California 


INDUSTRIAL WASTES FORUM 
E. F. Eldridge, Leader, Director and Chief Engineer, Washington 
State Pollution Control Commission, Olympia, Washington 


Pilot Studies to Predict Effects of Waste on Receiving Water 
Harold Bialkowski, Director of Research, Pulp Division, Weyer- 
haeuser Timber Company 


Pilot Study of High Protein Feed Production from Pulp Waste 
Herman Amberg, Crown Zellerbach Corporation 


Statistical Interpretation of Pilot-Plant Studies 
James C. Lamb, III, Sanitary Engineer, American Cyanamid ° 
Company, Bound Brook, New Jersey 


The Value of a Background Study 
Robert O. Sylvester, Assistant Professor of Civil Engineering, 
University of Washington, Seattle, Washington 


TECHNICAL PROGRAM COMMENTS 


The Program Committee, under the chairmanship of Rolf Eliassen, has 
developed a technical program designed to appeal to the many diverse interests 
of Federation activity. Subjects of a particularly timely nature will make the 
meeting a primary source of technical information. 

The diversity of membership interests and the demand for more technical 
papers has resulted in the scheduling of several concurrent sessions. The ever- 
popular Operators’ Forum and the valuable Industrial Wastes Forum will be 
held concurrently on Thursday morning. The Research Forum, which was so 
well received during its premier appearance last year, will be a featured part 
of the 1956 program. Current interest in state and Federal stream pollution 
control programs has prompted a special symposium on the subject for 
Wednesday afternoon to run concurrently with a Research Symposium. 

Two new features for this meeting which will be of special interest to 
operating personnel are the Laboratory Scientists’ Breakfast and the Sewer 
Maintenance Forum, scheduled for Wednesday morning. These two forums 
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are patterned after similar successful programs at the Annual Meetings of the 
California Sewage and Industrial Wastes Association. Efforts have been made 
to devote equitable shares of the main technical program to industrial wastes 
and sewage works papers. 

All technical sessions will be held on the second floor of the Hotel Statler 
in the Pacific Ballroom. Concurrent sessions, however, will be held in nearby 
dining or meeting rooms as scheduled on the official program. 


SOCIAL FUNCTIONS 


An informal group participation-type program will be featured at the 
Family Night Entertainment on Monday evening. Entertainment will be in the 
Hawaiian theme and leis will be furnished for the ladies. Gay sport shirts for 
the men and colorful evening dress for the ladies will be the order of informal 
attire for a relaxing evening. Here will be a good opportunity to get acquainted 
and have fun among friends. 

At this time preliminary arrangements are being made to schedule the 
Annual Federation Luncheon on Wednesday, October 10. An invitation to be 
the featured speaker has been extended to Representative John Blatnik of 
Minnesota, who has a keen interest in water pollution control legislation. If 
Representative Blatnik finds it possible to accept the Federation’s invitation, 
as it is hoped that he will, this will assure the inclusion of the Federation 
Luncheon as one of the highlights of the meeting. 

No meal or entertainment events are scheduled for Tuesday evening, so 
that all may dine and seek entertainment according to individual choice. The 
Local Host Committee will be prepared to furnish dining and entertainment 
information for those who wish to enjoy the attractions of Los Angeles and 
environs. 

The social highlight of the meeting will be the ever-popular Annual Dinner 
and Dance on Wednesday evening. To be held in the Pacific Ballroom, this 
event will feature the presentation of the annual Federation awards and honors. 
Dress will be optional, and there will be music and dancing 

A dinner meeting of the Loyal Order of the Boar has not been scheduled 
this year. 


LADIES’ ENTERTAINMENT 


Special entertainment for the ladies will emphasize the sightseeing op- 
portunities of fabulous Los Angeles, the movie colony, and this playground of 
many Americans. These events will be in addition to those scheduled for 
Monday and Wednesday evenings, as outlined under ‘‘Social Functions.”’ 

On Monday afternoon the ladies will have an opportunity to relax and 
enjoy refreshments while greeting old friends and making new acquaintances 
at the Ladies’ Hospitality Hour in the Los Angeles Room of the Hotel Statler. 

Tuesday will feature a bus trip to Knott’s Berry Farm, including lunch 
and sightseeing at the Farm. One of the interesting features is a replica of a 
California gold mining town. 

Wednesday’s schedule is an open date to allow individual or group visits 
to famous places in the Los Angeles area. These include Hollywood, China- 
town, Disneyland, and the Spanish section of Los Angeles. Advance notifica- 
tion at the ladies’ desk in the Los Angeles Room is necessary for transportation 
arrangements. 
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TECHNICAL INSPECTIONS 


The inspection trip scheduled for Tuesday afternoon will feature a visit 
to the Hyperion Sewage Treatment Plant of the city of Los Angeles. This 
much-diseussed sewage treatment facility should be of interest to all who are 
engaged in sewage works and water pollution control. 

The Hyperion plant has a designed capacity of 245 m.g.d. and is currently 
operating with week-day flows of 260 m.g.d. Processes include digestion, me- 
chanical dewatering, and high-rate activated sludge treatment. Many inter- 
esting variations of process operation can be seen and an interesting afternoon 
is anticipated for those making the hour’s drive to the plant. Motor coach 
transportation has been arranged at a nominal fare. 

In addition to the scheduled inspection trip, the Host Association has made 
arrangements for visits to other nearby waste treatment facilities on an in- 
formal basis. These are varied and include industrial waste treatment of wastes 
from citrus processing, soap production, oil refining, and other large and small 
industries. Anyone interested in visiting any of these facilities should register 
at the special booth in the registration area of the convention headquarters. 


EXHIBITS 


As in other years, members of the Water and Sewage Works Manufacturers’ 
Association will display new and improved equipment and supplies of interest 
to Federation members. All available exhibit space has now been allocated to 
eligible manufacturers and suppliers. The latest developments in equipment 
for the treatment of sewage and industrial wastes will be exhibited and in- 


formed company representatives will be on hand to supplement the displays 
with competent, first-hand technical data. 
The following companies have scheduled representation in the exhibit: 


Airkem, Ine. 

American City Magazine 

American Pipe & Construction Com- 
pany 

American Well Works 

Armco Drainage & Metal Products, 
Inc. 

B-I-F Industries, Ince. 

Chain Belt Company 

Chicago Pump Company 

Combustion Engineering, Inc. 

DeZurik Shower Company 

Dorr-Oliver Ine. 

Dow Chemical Company 

Eimeo Corp. 

Engineering News-Record 

Fischer & Porter Company 

Hardinge Company, Ine. 

Homestead Valve Manufacturing Com- 
pany 

Inertol Company, Ine. 

Infileo Ine. 

Jeffrey Manufacturing Company, Inc. 


Johns-Manville 

Komline-Sanderson Engineering Corp. 

Koppers Company, Inc. 

Lakeside Engineering Corp. 

Link-Belt Company 

Lock Joint Pipe Company 

Pacific Flush Tank Company 

Penn Instruments Division, 
Burgess-Manning Company 

Preload Company, Ine. 

Public Works Magazine 

Rockwell Manufacturing Company 

Simplex Valve & Meter Company 

Smith & Loveless, Inc. 

Vapor Recovery Systems Company 

Walker Process Equipment, Inc. 

Wallace & Tiernan, Ine. 

Wastes Engineering 

Water and Sewage Works 

Western City 

Western Machinery Company 

W-K-M Manufacturing Company, 
Ine., (ACF Industries, Inc.) 
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REGISTRATION INFORMATION 


Registration facilities will be located in the Second Floor Foyer opposite 
the elevators and adjacent to the stairway. All exhibits and technical sessions 
will be on this same floor. The registration desk will be open for early arrivals 
on Sunday afternoon, October 7, until 8 pm. On Monday, Tuesday, and 
Wednesday the desk will be open from 8:30 am to 5 pM. 

The $12.00 men’s registration fee will include technical session privileges, 
the Family Night Entertainment on Monday, and the Annual Awards Dinner 
and Dance on Wednesday evening. In separate tickets, the registration fee 
(required for admission badge to the technical sessions) is $7.00 and the 
Wednesday dinner and dance combination is $5.00. 

Ladies’ registration at $10.00 includes the Monday evening entertainment, 
the Wednesday evening dinner dance, and special ladies’ program events. 

Separate tickets will be sold for the Laboratory Scientists’ Breakfast on 
Wednesday morning, the Tuesday afternoon Inspection Trip, and the Federa- 
tion Luncheon on Wednesday. 

Early registration—before 8 pm on Sunday—will avoid the rush on Monday 
morning and also permit a leisurely visit to the exhibits. 


HOTEL ARRANGEMENTS 


Hotel Statler has made a liberal allocation of rooms available for assignment 
to Federation members and guests. Reservations should be made early, however, 
to assure accommodiations in the headquarters hotel. 

Requests for reservations may be made on the forms provided with the 
advance notice of the meeting sent in July to all JourNat subscribers, or directly 
to the Hotel Statler, 9830 Wilshire Blvd., Los Angeles 17, Calif., stating that the 
accommodations are desired in connection with the Federation meeting. 


LOCAL ARRANGEMENTS COMMITTEE 


The Local Arrangements Committee, under the general chairmanship of 
Arthur G. Pickett, Industrial Wastes Engineer with the Los Angeles County 
Sanitary District, is composed of the chairmen of the following subcommittees: 


Coordinating Committee: A. T. Wintersgill. 

Registration Committee: N. F. Bravender, chairman; R. E. Halnan, G. S. 
Magnuson, J. T. Rostron, and R. J. Yelinek. 

Hotel Arrangements Committee: H. Harvey Hunt, chairman; W. J. Carrol, 
R. T. Gardner, P. V. Hennessy, and R. J. Theroux. 

Finance Committee: A. A. Appel, chairman; O. J. Bejeck, O. L. Dickinson, 
and J. C. Mallery. 

Entertainment Committee: K. A. Keirn, chairman; Lee Cook, W. B. Fitz- 
gerald, J. Harmon, and J. H. Peterson. 

Ladies Entertainment Committee: F. L. Peirson and Sydney Preen, co- 
chairmen; Bruce Cook, Mrs. R. T. Antrim, Mrs. A. A. Appel, Mrs. R. J. Barletta, 
Mrs. N. Bravender, Mrs. Bruce Cook, Mrs. E. 8. Carey, Mrs. O. L. Dickinson, 
Mrs. F. L. Peirson, Mrs. A. G. Pickett, Mrs. R. W. Powers, and Mrs. Sydney 
Preen. 

Publicity Committee: T. W. McKey, chairman. 

Local Host Committee: R. T. Antrim, chairman; O. L. Dickinson, and J. 
Carey. 

Inspection Trip Committee: R. J. Barletta and R. D. Bargman, co-chairmen ; 
F. R. Bowerman, H. Dering, G. F. Duncan, W. Graham, E. G. Hager, W. L. 
Henderson, A. Hewitt, C. V. Holtom, J. Nagano, J. L. Partin, and V. J. Tapogna. 
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FEDERATION VICE-PRESIDENCY CHANGE 


JOHN W. CUNNINGHAM RESIGNS AS VICE-PRESIDENT 


John W. Cunningham, Federation Vice-President, has found it necessary 
to resign his Federation office for reasons of personal health and responsibilities. 
Mr. Cunningham, a consulting engineer of Portland, Oregon, is a well-known 
engineer whose quiet and modest manner contrasts with his driving interest 
in civil and sanitary engineering activities. His professional and organizational 
activities have been nation-wide and he continued these activities on behalf of 
the Federation as Vice-President until his illness. 

Because of Mr. Cunningham’s resignation, President George W. Martin 
called upon the Federation Election Committee to fill the vacancy by a mail 
ballot. The Federation Election Committee is made up of the Directors of 
Member Associations. Deliberation of the Nominating Committee resulted in 
the nomination of a successor duly elected to fill the unexpired term of the 
resigned Vice-President. 


EMIL C. JENSEN ELECTED VICE-PRESIDENT 


Emil C. Jensen, Chief, Division of Engineering and Sanitation, Washington 
Department of Health, Seattle, Wash., was elected to the Vice-Presidency of the 
Federation by special letter ballot of the Election Committee. The experience 
gained as administrator of the engineering and sanitation services of one of the 
Pacific Northwest’s progressive state health departments and his great interest 
in Federation affairs, have equipped Mr. Jensen very well for his role as a 
Federation officer. 

Prior to appointment to his present position in 1945, Mr. Jensen served 
with the Washington State Department of Health as a district sanitary engineer. 
He first engaged in public health work as sanitary engineer for the Yakima 
County Health Department from 1938 to 1941 when he became associated with 
the State Health Department. 

Mr. Jensen graduated from the University of Washington in 1936 and 
received an M.S. degree from Harvard University in 1938. He is a member 
of the American Water Works Association; Fellow, American Public Health 
Association; Member, American Society of Civil Engineers (President of the 
Spokane Section in 1944 and of the Seattle Section in 1955); and the Pacific 
Northwest Sewage and Industrial Wastes Association (President 1952, Director 
1953-56). Active in professional activities throughout Washington, he is a 
member of several professional and civic organizations. Mr. Jensen was one of 
the 1955 recipients of the Federation’s Bedell Award. He holds membership 
in Sigma Xi and Tau Beta Pi, scholastic honoraries. He is a commissioned 
officer in the inactive reserve of the U. S. Public Health Service. 

In addition to serving as Pacific Northwest Director on the Federation 
Board of Control, Mr. Jensen is a member of the Executive Committee of the 
Federation. 
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Reviews and Abstracts* 


Birmingham, Tame and Rea District 
Drainage Board. Report for the Period 
1951-1955. 

This is a concise description of the Board 
work, which has jurisdiction over an area 
of 163 sq. mi., within which are located 
Birmingham and four boroughs, together 
with some urban and rural districts. Opera- 
tional problems are complicated by the in- 
ereasing flow of toxic trade wastes which 
constitute about 45 per cent of the total 
dry weather flow. Plating wastes are par- 
ticularly troublesome, as are acid pickling 
wastes, and gas liquor. 

The main sewage works are at Saltley 
(42 m.g.d. [Imp.]) where sedimentation 
and sludge digestion are provided. The 
effluent is treated at Minworth by bio- 
aeration prior to sprinkling filters. The 
digested sludge is dewatered and dried on 
open air drying beds. The dried sludge has 
been used in agriculture, with some degree 
of success. 

Smaller plants are described, at Coleshill 
(approximately 7 m.g.d. [Imp.]); Yardley 
(approximately 7.35 m.g.d. [Imp.]) ; Lang- 
ley Mill (72,000 g.p.d. [Imp.]); Barston 
(1.37 m.g.d. [Imp.]); Knowle (60,000 
g.p.d. [Imp.]); and three smaller plants. 

The report may be obtained from Arthur 
J. Wright, Clerk, 117 Colmore Row, Birm- 
ingham 3, Eng. LANGDON PEARSE 


Some Observations on the Coli-coliphage 
Relationship in Sewage. By G. C. WARE 
AND Maraupa A. MELLON. Jour. of Hy- 
giene (Brit.), 54, 1, 99 (1956). 

Of 49 coliform organisms isolated from 
erude sewage, 21 were resistant to the ac- 
tion of bacteriophage present in sewage 
and 28 were susceptible; of those isolated 
from the final effluent after trickling fil- 
ters, 9 were resistant and 41 were suscep- 
tible. The ratio of resistant to sensitive 
organisms thus decreased from 1:1.3 in the 


influent to 1: 4.5 in the effluent, an increase 
in sensitivity of 46 per cent. The number 
of bacteriophage rose slightly during pri- 
mary sedimentation and fell during suc- 
ceeding stages of treatment. If the reduc- 
tion on the numbers of coliform bacteria in 
the trickling filters had been due to the lytic 
action of bacteriophage, a greater propor- 
tional removal of sensitive than resistant 
forms would have been expected. Since the 
reverse was the case and since no increase 
in the coliphage population was observed, 
it was concluded that bacteriophage is not 
likely to be responsible for the reduction 
of coliforms in the trickling filter. 
H. HevkeLeKIAN 


Photosynthesis in Sewage Treatment. 
By J. OswaLD AND Harorp B. 
Goraas. Proc. Amer. Soc. Civil Eng., 
81, Sep. No. 686 (May, 1955). 

Oxidation ponds are classified in two 
groups, those where oxygen is supplied 
primarily by surface aeration and those 
where it is produced essentially by photo- 
synthesis. In the study of this second group 
formulas are derived expressing relation- 
ship between such factors as detention, 
depth, oxygen synthesis and energy utiliza- 
tion. 

Laboratory and pilot-plant studies were 
conducted on small ponds having deten- 
tions as low as 0.75 days. The oxygen 
needed for stabilization of organic ma- 
terial was produced by photosynthetic or- 
ganisms. To provide sufficient concentra- 
tions of the nutrients necessary for sup- 
porting heavy algal growths and to obtain 
maximum use of solar energy very small 
and shallow ponds are required. 

Many factors are discussed, such as the 
influence of chemical constituents of sew- 
age, recirculation, algal yields and their 
disposal, B.O.D. and coliform removal, and 
the use of algae as raw materials. 

W. A. HasrurTHEeR 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 
which might be suitable for abstracting in THis JouRNAL. Publications of public health 
departments, stream pollution control agencies, research organizations, and educational insti- 
tutions are particularly desired. Address such material: Federation of Sewage and Industrial 
Wastes Assns., 4435 Wisconsin Ave., N. W., Washington 16, D. C. 
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Proved Protection against 
comme Corrosion with 
EVERDUR 


EVERDUR* RESISTS CORROSION. Installa- 
tions of Everdur sewage treatment and 
waterworks equipment in the United 
States have been in service without re- 
placement for 20 years and longer — 
evidence of Everdur’s ability to resist 
corrosion common to these operations. 


EVERDUR IS TOUGH. Everdur, Anacon- 
da’s group of copper-silicon alloys, also 
possesses high physical strength and 
resistance to wear and abrasion — so 
that wrought equipment can be de- 
signed with lighter weight. 


EVERDUR IS READILY FABRICATED. Ever- 
dur alloys are available for hot or cold 
working, welding, free-machining, 
forging and casting—and can be sup- 
plied in plates, sheets, rods, bars, wire, 
tubes, electrical conduit, and casting 
ingots. 

Write for Publication E-11, “Everdur Copper- 
Silicon Alloys for Sewage and Waterworks 
Equipment”—or for assistance of the Techni- 
cal Department in selecting the correct ma- 
terial for your equipment. Address: The 
American Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. 


EVERDUR 
ANACONDA® 


COPPER-SILICON ALLOYS 
STRONG + WELDABLE - WORKABLE - CORROSION-RESISTANT 
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Proceedings of Member Associations 


KANSAS SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Kansas Sewage and Industrial 
Wastes Association held its 1956 An- 
nual Meeting, in conjunction with the 
Kansas Section AWWA, at the Jay- 
hawk Hotel, Topeka, Kans., April 4-6, 
1956. 

Two interesting panel discussions 
were conducted; one on sewage treat- 
ment plant design features desired in 
addition to the bare minimum, and the 
other on ‘‘What I Like About My 
Plant.’’ Technical papers of interest 
to sewage and industrial wastes per- 
sonnel included the following: 

‘*Principles of Dissolved Air Flota- 
tion,’’ by William J. Katz, Research 
Chain Belt Co., Mil- 


Department, 
waukee, Wis. 


‘‘Improvements at Topeka’s Sewage 
Treatment Plant,’’ by D. B. Kissinger, 
Superintendent, Sewers and Sewage 
Treatment, Topeka. 

‘*Wederal Legislation Affecting Pub- 
lie Utilities in Highway Construc- 
tion,’’ by Harry E. Jordan, Executive 
Secretary, AWWA. 

‘*Industrial Re-Use of Water,’’ by 
Ralph E. Fuhrman, Executive Secre- 
tary, FSIWA. 

‘‘Industrial Wastes Problems at 
Boeing Plant in Wichita,’’ by Robert 
E. Cranford, Engineer, and Robert P. 
Selm, Chemist-Engineer, Wilson & Co., 
Consulting Engineers, Salina. 

‘‘The State Safety Inspector’s Role 
in the Prevention of Accidents to 
Workers,’’ by Leonard R. Williams, 
Dept. of Labor, Topeka. 


(Continued on page 380a) 


sion. 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized” for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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made from the only TIME-TESTED MATERIAL 


When considering air diffusers, these facts 
are worth keeping in mind: Of the many aera- 
tion methods and materials tried since the 
discovery of the activated sludge process (in 
1915), only one has stood the test of time. 
Only porous ceramic diffusers have been used 
with continued success. And more installa- 
tions have been made with ALOXITE aluminum 
oxide diffusers than all makes combined. Hun- 
dreds are still operating — many after over 
20 years’ service. 

The inherent advantages of ALOXITE dif- 
fusers are: (1) A highly uniform grain 
structure. This assures uniform, small-bubble 
diffusion, and, consequently, optimum absorp- 
tion. (2) A smooth, low-resistance surface. 


CARBORUNDUM 


The glass-like ceramic bond that coats each 
gtain minimizes pressure loss or clogging. (3) 
Permanent resistance to corrosion. (4) Adapt- 
ability to practically all cleaning methods. 
(5) Great strength and ruggedness. 

ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. 
This permits maximum flexibility of design. 
It also lets you select the exact grade for opti- 
mum diffusion, (consistent with air supply 
quality, pressure loss characteristics, and over- 
all life). This is particularly 
important since the intro- 
duction of the oxygen ab- 
sorption test. 


Write for free 56-page booklet. 


Registered Trade Mark 


Dept. N-95, Refractories Div. 


The Carborundum Co., Perth Amboy, N. J. 


7 
‘plates 
Lot. 
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**Pilot-Plant Evaluation of a Plastic 
Tower Packing as a Trickling Filter 
Medium,’’ by E. H. Bryan, Dow Chem- 
ical Co., Midland, Mich. 


Approximately 70 persons attended 
the annual business meeting to hear 
reports from Myron Nelson, Federa- 
tion Director, and the Federation Ex- 
ecutive Secretary. Reports were pre- 
sented on a proposed operator certifi- 


cation program, and on _ proposed 
amendments to the constitution and 
bylaws of the Association. The suit- 


ability of an identification pin was dis- 


Officers elected were: 


a cussed and tabled, as was action on a 

: suggestion for distributing Federation 
on mannuals of practice to all members. 


Chairman: Dwane Eller, Junction 
City. 
1st Vice-Chairman: Vic Pickering, 


Wichita. 


SEWAGE AND INDUSTRIAL WASTES 


2nd Vice-Chairman: Stanley M. Smith, 
Salina. 
Secretary-Treasurer: James F. Aikin, 
Wichita. 
Rosert H. Hess, 
Secretary-Treasurer 


ARKANSAS WATER AND 
SEWAGE CONFERENCE 


The 25th Annual Meeting of the 
Arkansas Water and Sewage Confer- 
ence was held at Little Rock, Ark., 
March 19-21, 1956, in conjunction with 
the Annual Short School. 

Officers elected for 1956-57 were: 


Chairman: John Luce, Fort Smith. 


Vice-Chairman: Foster Burba, Pine 
Bluff. 

Secretary-Treasurer: C. W. Oxford, 
Fayetteville. 


Harrison 
Secretary-Treasurer 


(Continued on page 382a) 


closes down tight on water or sludge. 


side the valve. 


PLUG VALVES 


are the only valves with the rubber-faced eccentric plug that 
Sewage “grease” can’t 
pile up on the valve seat; there’s no place for it to lodge in- 


On any line—from sludge to solvent to water—DeZurik § 
Easy-Operating Plug Valves are the non-leaking, non-binding, 
NON-LUBRICATED valves you’ve been looking for. 
from 4” to 20’’; manual or remote operation. 


Representatives in principal cities 
or See Us in Booth 20 at Los Angeles Convention 


DeZURIK SHOWER CO. 


Sizes 


SARTELL, MINN. 


4 

2 

D ZURIK EASY- OPERATING 
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AMERICAN 
CAST IRON PIPE 


The American Cast Iron Pipe Company sup- 
plied these large pipe and fittings for the new 
sewage plant in Montgomery, Alabama. 

Here, as in thousands of sewage, water 
treatment, and industrial installations, 
American Cast Iron Pipe was selected be- 
cause its record of economical service has 
been proved by time — a record unequalled 
by pipe made of any other material. 

Because its flow capacity, as well as its 
durability, will permit trouble-free service 
for generations to come, the American Cast 
Iron Pipe in Montgomery is truly the 
“large economy size.” 

When you require pipe, call on the Amer- 
ican Cast Iron Pipe Company. You'll save 
extra dollars in longer, trouble-free service. 


SALES OFFICES: 


New York « Chicago «¢ Kansas City 
Dallas Minneapolis « Pittsburgh 
Los Angeles + Cleveland « Orlando 
San Francisco Houston Denver 


ies 
arge Economy Size hes 
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ARIZONA SEWAGE AND 
WATER WORKS 
ASSOCIATION 


The 1956 Annual Meeting of the 
Arizona Sewage and Water Works As- 
sociation was held at the Buena Vista 
Hotel, Safford, Ariz., April 5-7, 1956. 
The meeting was held jointly with the 
Arizona Section of the American Wa- 
ter Works Association. Registration 
totaled 164. 

Among the papers of particular in- 
terest to sewage and industrial waste 
treatment personnel were the follow- 
ing: 


**Modern Comforts and Their Ef- 
fect on Water Use,’’ by Dario Tra- 
vaini, Division of Water and Sewers, 
Phoenix. 

**Sewage Disposal Systems for Small 
Communities,’’ by T. L. Herrick, In- 
fileo Ine. 


SEWAGE AND INDUSTRIAL WASTES 


The operators’ round-up featured 
short school training and a question 
and answer session. 

A panel discussion on excavation 
and backfill was participated in by the 
representatives of the American Con- 
crete Pressure Pipe Association, the 
Johns-Manville Company and the Pa- 
cific States Cast Iron Pipe Company. 
H. W. Yost of Yost & Gardner, En- 
gineers, gave the engineer’s viewpoint 
and Phil Hunziker the contractor’s 
viewpoint. 

Officers elected were: 

Chairman: M. V. Ellis, Phoenix. 


1st Vice-Chairman: Quentin M. Mees, 
Tucson. 


2nd Vice-Chairman: P. F. Pew, 
Tucson. 
Secretary-Treasurer: H. C. Biggle- 


stone, Phoenix. 
QuENTIN M. MEEs, 
Secretary-Treasurer 


SANitary 

CHE Mical 
METallurgical 


SALES 
ENGINEERING 


. . varied chemical and metallurgical processing. 


Dorr-Oliver’s growth in the process equipment field is 
creating more career opportunities on its sales engineer- 
ing staff for capable engineers to sell equipment for: 


. . Municipal and industrial water and waste treatment. 


Dorr-Oliver Sales Engineers work in constant close con- 
tact with consulting firms and top management, coopera- 
ting on processing problems. 


Dorr-Oliver invites your inquiries. 
personal and professional experience resume to: 


E. E. Johnson, Director of Personnel 


Dorr-Oliver Incorporated 


Barry Place, Stamford, Connecticut 


Address your detailed 


I 

I 
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WATER, SEWAGE AND TRADE-WASTE 
TREATING EQUIPMENT 


RECTANGULAR CLARIFIERS 


Especially suited for limited spaces or where sludge 
delivery is desired at one end of the tank. A travel- 
~ scraper and skimmer carriage removes settled 
solids from the tank bottom and scum from the top. 


CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes 
up to 200’ diameter, either center-column or beam 
supported for steel, concrete, wood or tile tanks. 
Sludge scrapers remove settled solids rapidly 
through central underflow discharge. 


HYDRO-CLASSIFIERS 


A large-volume classifier for rapid separation of 
coarse and fine suspended solids. Frequently used 
for by-product recovery from waste water. 


AUTOMATIC BACKWASH FILTERS 


For high removal of non-settling or slow settling 
suspended matter. Self-cleaning sand bed. No 
shut-down necessary for backwashing. 

backwash mechanism. 


FLOCCULATING UNITS 


Slowly rotating paddles on vertical shafts bring 
the small flocs into contact to form larger masses 
and hasten precipitation. 


“AUTO-RAISE” THICKENERS 


For removal of fine suspended solids from supply 
water, waste water and sewage. “Auto-R 
mechanism prevents scraper breakage. Manual 
or power raise supplements “Auto-Raise.” Re- 
placeable ring-type ball bearing support for rotat- 
ing mechanism. Spiral rakes for maximum under- 
flow density. 


DIGESTERS 


Sludge scrapers and scum breaker arms prevent 
scum accumulation, insure uniform gas production. 
Emit a dense digested sludge. 


Write for Bulletin 35-D-16 


COMPANY, 


YORK, PENNSYLVANIA 


INCORPORATED 


240 Arch St. ° Main Office and Works 


New York + Toronto Chicago Hibbing Houston Sclt Lake City San Francisco 
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Equipment and Supply Lines 


Asbestos-Cement Pipe Coupling— 
An improved coupling ring is quickly 
installed on cement-asbestos pipe to 
produce a ‘‘Fluid-Tite’’ joint.—Keas- 
bey & Mattison Co., 1405 Locust St., 
Philadelphia 2, Pa. 

Chlorinator Control — Semi-auto- 
matic and step control chlorine feed- 
ing is described in Supplementary 
Bulletin 840-K16.— Builders-Provi- 
dence, Inc., 345 Harris Ave., Provi- 
dence, R. I. 

Oxidant Recorder—A new instru- 
ment is now available for accurately 
measuring and recording the presence 
(0 to 80 p.p.m.) of oxidizing materials 
in the air. Bulletin 435.—Beckman 
Instruments, Inc., Fullerton, Calif. 

Chlorinators—New Catalog 70-10 
gives data on vacuum-type solution- 
feed gas chlorinators.—Fischer & Por- 
ter Co., 539 Jacksonville Rd., Hatboro, 
Pa. 

Electronic Receiver Recorder—A 
new recorder, which utilizes plug-in 
receivers, can record four signals si- 
multaneously on one chart, thereby 
reducing the number of recorders and 
special charts; this is described in 
Bulletin E12-4. Sealed-ink pens elim- 
inate inking problems.—Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 

Paint Primer—A primer that can 
be used on rough-cleaned steel, Rust- 
bond Primer No. 6, provides a base 
compatible with many synthetic and 
oil base paints (Bulletin No. 156).— 
Carboline Co., 331 Thornton Ave., St. 
Louis 19, Mo. 

Ultrasonic Flowmeter—A flowmeter 
which accurately measures either 
mass or volume flow of virtually any 
fluid, regardless of its electrical con- 
ductivity, is available. The principle 
of operation is the measurement of 
transmitted and received controlled 
pulses of ultrasonic energy across a 
pipe section—Fischer & Porter Co., 
Hatboro 35, Pa. 


All-Purpose Timer—An automatic 
reset timer, 3-3/16 in. in diameter, de- 
signed for interchangeability of dials 
and motors, making possible 10 tim- 
ing ranges, is deseribed in illustrated 
Bulletin N-140.—Automatic Tempera- 
ture Control Co., Inc., 5200 Pulaski 
Ave., Philadelphia 44, Pa. 

Laboratory D-C Relay—aA low cur- 
rent electronic relay, with a capacity 
of 20 amp., 120 v. a-c, has a ‘‘fail- 
safe’’ feature for use in controlling 
laboratory water-bath heaters, ete.— 
Arthur 8. LaPine & Co., 6001 South 
Knox Ave., Chicago 29, Il. 

Slurry Pump—aA low speed, heavy 
duty slurry pump for continuous 
operation is described in Bulletin 185. 
—Morris Machine Works, Baldwins- 
ville, N. Y. 

Gate Valve—Positive shutoff is fea- 
tured in a gate valve which incorpor- 
ates a pair of Teflon valve body seats. 
—Hamer Valves, Inc., P. O. Box 1851, 
Long Beach 1, Calif. 

Tenoning Tool—A pipe tenoning 
tool machines asbestos cement pipe 
ends for a variety of couplings.— 
Spring Load Manufacturing Corp., 
3610 First Ave., South, Seattle 4, 
Wash. 

Electrode Cell—A heavy duty elec- 
trode conductivity cell for the meas- 
urement and control of solution 
strength and chemical feed is de- 
scribed in news releases—The Di- 
versey Corp., Electronic Equipment 
Dept., 1820 Roscoe St., Chicago 13, 
Ill. 

Torque Reducer for Valves—A 
planetary gear torque reducer per- 
mits ‘‘one-man’’ operation of 10- to 
14-in. valves——Hills McCanna Co., 
3025 N. Western Ave., Chicago 18, 
Tl. 

Polyethylene Sink Trap—A poly- 
ethylene P-trap for laboratory sinks 
is available for use with plastic pipe. 
—Arthur 8S. LaPine & Co., 6001 South 
Knox Ave., Chicago 29, Ill. 
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32, Method Of lating Waste 


There is no one process that will solve all plating waste problems. 
Experience has shown staff and consulting engineers that the 
correct solution can be obtained only by thoroughly evaluating 

all the factors in each case. 


Whether the answer is recovery, disposal or a combination of both, 
Graver has complete equipment to do the job. Graver’s 50 years of 
liquid treatment experience has resulted in equipment of advanced 
designs and engineered flexibility to suit individual requirements. 


WRITE FOR TECHNICAL ARTICLE AND BULLETINS: 
T-136: Plating Waste Solutions; Recovery or Disposal 


WC-103A: Reactivators e WC-111: lon Exchangers £ 


ad Industrial Waste Treatment Dept: W-211 
GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mfg. Co., Inc. 

216 West 14th Street, New York 11, N. Y, 
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FSIWA SPECIAL PUBLICATIONS 


ORDER FORM 


Federation of Sewage and Industrial Wastes Associations 
4435 Wisconsin Ave., N. W. 
Washington 16, D. C. 


Please send me the following publications, for which remittance is 
enclosed: 


MANUALS OF PRACTICE 


-...--.--. copies * MOP No. 1, “Occupational Hazards in the 
Operation of Sewage Works”’ (1944) 
Members 25 cents; non-members 50 cents 


copies * MOP No. 2, “Utilization of Sewage Sludge 
as Fertilizer” (1946) 
Members 75 cents; non-members $1.25 


MOP No. 3, “Municipal Sewer Ordinances” 
(1949) 
Members 50 cents; non-members $1.00 


MOP No. 4, “Chlorination of Sewage and 
Industrial Wastes” (1951) 

Members $1.00; non-members $1.25 

MOP No. 5, “‘Air Diffusion in Sewage 
Works” (1952) 

Members $1.00; non-members $1.25 


Ring Binders for numbered Manuals of 
Practice @ 2.00 


* Discount of 15% on orders for 12 or more copies. 


OTHER SPECIAL PUBLICATIONS 


copies ‘Uniform System of Accounts for Sewer 
Utilities” (1949); mimeographed; @ $5.00 


copies “Glossary—Water and Sewage Control En- 
gineering” (1949) @ $1.00 


copies Twenty-Year Index to SEWAGE WORKS 
JOURNAL (1928-48) @ $4.50 


Total remittance enclosed 


Member? 


(Yes or No) 


= 
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The P.F.T. Waste Gas Burner 
consists of a baffled burner pot 
mounted on top of an insulated 
pedestal. Burner pots are pro- 
vided with adequate baffled air 
inlets to permit continuous oper- 
ation of a gas pilot and provide 
for intermittent combustion of 
excess gas through a wide range 
of flows. The insulated pedestal 
minimizes formation of conden- 
sate and prevents freezing. 


Design / Engineers of East Bay 
of plant by / Municipal 


PORT CHESTER, Ny Ys 


tility District 


@ SAN MATEO, CALIF. 


the Bad Bay: Municipal Utility District plan 
at Oakland, California 


€xcess gds 


is safely burned with 
P.F.T. WASTE GAS BURNERS 


At this plant serving communities in the 
Bay area, three 95 ft. diameter digesters 
produce more gas than is needed for di- 
gester heating. To avoid resulting odor 
nuisance, East Bay’s engineers have had 
three P.F.T. 6” Waste Gas Burners in- 
stalled for safe, convenient elimination of 
excess gas. 


For control and protection, each burner is 
equipped with a P.F.T. 4” Pressure Relief 
Waste Gas Flame Trap, completely elimin- 
ating explosion hazards. 


In addition to this gas safety equipment, 
the following P.F.T. products are installed 
in the plant: 3 Floating Covers for the 95’ 
digesters; 3 Heater and Heat Exchanger 
Units (1,200,000 B.T.U./ hr.); 3 Cover Posi- 
tion Indicators; miscellaneous gas control 
equipment. 


Complete information and diagram of 
P.F.T. Gas Safety Equipment upon re- 
quest— Bulletin 321. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


@ CHARLOTTE. N.C. @ JACKSONVILLE @ DENVER 
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DIRECTORY OF ENGINEERS 


(Continued through page 393a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Yams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory for Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of Construction 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles R, Burdick Louls R. Howson 
Donald H. Maxwell 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


N-NICHOLS 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, very Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 


Concord, N. H. Boston 14 


ANDERS 
— 


Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


735 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers— Airport Design—Sewage Disposal 
Systema-— Water Works Design and Operation—Surveys 
and Mape—City Planning—Highway Design—Construc- 
tion Surseye—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrishurg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinois 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Teats 

Biological and Chemical Analyses 


4 Hamilton St., Hawkesbury, Ontario, Canada 


W. H. & L. D. BETZ 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 


BOGERT AND CHILDS 
Consalting Engineers 
CuiiInton L. BocGert Frep S. CHILps 
Ivan L. BoGert DoNALD M. DitTMaRs 
Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y¥. 


Refuse Disposal 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—Municipal 
Projects—Industrial Buildings—Reporte— 
Plans of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Re 
Design and Supervision 
Research and Development 
Flood Control 


€ Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill, 


CONSULTING BIOLOGISTS 


Thomas Dolan haries B. Wurtz 
Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 

706 Commercial Trust Bidg. 
Philadelphia 2, Pa. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


Damon & Foster 


Consulting Ctotl Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 
Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N_J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs. 
BOSTON, MASSACHUSETTS 


FINKBEINER, PETTIS & STROUT 


Carveton 8.  Cuarves E. Perris 
Harowp K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 


Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 


Industrial and Municipal E Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment-——High- 
ways and Structures—Dams—Drainage 
Works— Airports— Investigations—Valua- 
tion—Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specific ations ; ; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fila. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
and Reports 


7 Washington St. 
New York READING, PA. Washington 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (ian ee 
Paul E. longa Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 8S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. S. Palocsay E. 8S. Ordway 
F. C. Tolles, Consultant 


lei. 


Water, SEWPRAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnarp Hazen Atrnep W. Sawren 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. ¥. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


ing Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. E. BE. Bioss 
. LiscHer 
Airports — pes Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. Mcr. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewe: and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3242 West 8th Street, Los Angeles 5, Calif. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF, 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewage Treatment, Public Buildings, Streets 

Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corceran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
2% West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
t Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rrerre V. A. VaSEEN B. V. Hower 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 


Industrial — 


Electrical 


Plants, Reservoirs and Dams, 


Sanitary and 


Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Ai 


833-35 Twenty-Third St. Denver 5, Colorade 


408 Olive St., 
St. Louls 2, Mo. 


Rate Investigations 


SMITH and GILLESPIE 


Consulting Engineers 


Municipal Public Works & 


lities 
Complete Services 


P. O. Box 1048, Jacksonville, Fila. 


327 S. LaSalle Street 
Chicago 4, lilinois 


STANLEY 


ENGINEERING COMPANY 


Consulting Engineers 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


151 W. Merrick Rd. 


HENRY W. TAYLOR 


Consulting Engineer 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


J. STEPHEN 
J. 8. Watkins . R. Watkins 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


in this space. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engi Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research—Development—Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square Pennsylvania 


Water Supply 


14 Beacon Street 


WESTON & SAMPSON 


Consulting Engineers 


Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 


Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 


Municipal Airport 
Daytona Beach, Fis. 


Hershey Building 
Muscatine, 


Freeport, N.Y. 


Water Purification 


Boston 8, Mass. 
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ACF Valves 
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Burns & McDonnell 
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WALLACE & TIERNAN 


vanable-orilice 


CHLORINATORS 


A-711 V-notch Chlorinatos 
has rotameter indicator 
with 10 to 1 feed range 


A-712 V-notch Chlorinator 
has dial indicator with 
20 to | feed range 
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V-notch Chlorinators 


SIMPLIFY Chlorination 


With the new Wallace & Tiernan V-notch Variable-Orifice 
Chlorinators: 
OPERATION 1S SIMPLIFIED as one injector control starts or 
stops the unit. Chlorine gas is turned on or off automatically. 
SETTING FEED RATE IS SIMPLIFIED as one control sets feed 
rate precisely at both high or low feeds. 
INSTALLATION 16 SIMPLIFIED as units are shipped ready for 
operation. No water supply is needed at the chlorinator. A remote 
injector uses only standard water supply fittings. 
MAINTENANCE 1S SIMPLIFIED and virtually eliminated. All 
parts are corrosion resistant, mounted in an attractive modern cabinet. 
For full details on manual or automatic proportional V-notch 


Chlorinators, contact your W&T representative, or write to the address 
below. 


A New Development from Wallace & Tiernan Research 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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= = \x/ WALLACE & TIERNAN INCORPORATED 
— 


